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GAUGING  OP  CEDAR  RIVER,  WASHINGTON. 


By  Thekon  a.  Noble,  M.  Am.  Soc.  C.  E. 
Presented  Octobeb  5th,  1898 


WITH  DISCUSSION. 

In  the  summer  of  1895  the  author  was  engaged  by  the  Seattle 
Power  Company  to  make  the  necessary  plans,  surveys,  etc.,  for  the 
installation  of  a  water-power  plant  on  Cedar  Biver,  Washington,  the 
object  being  to  transmit  power  to  Seattle  and  Tacoma. 

At  this  time  no  authentic  information  as  to  the  discharge  of  the 
river  was  available,  except  an  estimate  made  by  Mr.  Benezette 
Williams  for  the  City  of  Seattle.  Mr.  Williams  estimated  that  the 
minimum  discharge  was  not  less  than  115  000  000  galls,  in  24  hours, 
and  that  the  maximum  discharge  was  about  1  500  000  000  galls,  in  24 
hours,  which  would  be  equivalent  to  177.93  and  2  320.8  cu.  ft.  per 
second,  respectively. 

As  the  minimum  estimate  by  Mr.  Williams,  the  accuracy  of  which 
was  somewhat  doubtful,  would  not  allow  for  much  future  extension 
of  the  capacity  of  the  proposed  plant,  and  as  the  contemplated  use  of 
water  for  power  purposes  would  take  most  of  this  discharge  during 
extreme  low  water,  the  author  recommended  that  Cedar  Lake,  which 
is  about  15  miles  above  the  intended  point  of  diversion  and  contains 
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1  200  acres  of  storage  area  at  low  water,  be  used  as  a  storage  reservoir 
to  increase  the  flow  during  the  dry  season. 

To  determine  the  minimum  flow  of  the  river  and  the  storage 
capacity  available  in  the  lake,  a  series  of  discharge  measurements 
was  made  at  Cliflford  Bridge  which  crosses  the  river  about  600  ft. 
below  the  proposed  point  of  diversion  and  is  12  miles  above  the 
mouth.  Since  September  13th,  1895,  a  daily  record  of  the  gauge 
height  has  been  kept  at  the  same  point. 

Before  a  current  meter  was  purchased,  it  was  thought  that  these 
measurements  could  be  taken  with  sufficient  accuracy  with  floats,  and 
the  calculations  made  by  Kutter's  formula.  For  this  purpose  a 
place  was  selected  about  900  ft.  above  Clifford  Bridge,  where  the 
cross-section  and  flow  are  comparatively  regular  for  a  considerable 
distance.  The  bottom  of  the  river  here  contains  a  good  many  boul- 
ders, ranging  from  2  ft.  to  6  ins.  in  diameter,  and  the  current  is  slow 
and  not  broken  n-p  on  the  surface  at  ordinary  stages  of  the  river.  The 
average  cross-section,  wetted  perimeter,  maximum  velocity  and  slope 
were  measured  for  difi'erent  stages  of  the  river,  and  the  discharge  cal- 
culated by  Kutter's  formula,  using  0.035  as  the  value  of  n.  Four  of 
these  discharge  measurements  were  taken  simultaneously  with  meter 
measurements  at  Clifi"oi'd  Bridge,  which  made  it  possible  to  calculate 
the  true  coefficient  in  Kutter's  formula  at  these  two  points  in  the 
river  where  the  character  of  the  bed  is  very  different.  The  results  of 
these  calculations  are  shown  in  Table  No.  1. 

The  few  float  measurements  that  were  taken  indicate  that  at  this 
point  there  is  a  radical  difterence  in  the  value  of  the  coefficient  of 
roughness  7i  at  different  stages  of  the  river.  The  error  due  to  assum- 
ing 0.035  as  the  value  of  ?i  is  48%  for  low  stages  of  the  river.  At  the 
highest  stage  measured  at  this  point  the  error  is  only  15%,  and  it  is 
probable  that  at  still  higher  stages,  the  error  would  disappear. 

It  will  be  interesting  to  note  the  value  of  n  in  Kutter's  formula  at 
the  point  of  meter  measurements,  which  was  900  ft.  below  the 
point  of  float  measurements,  and  at  which  the  character  of  the 
river  is  radically  difterent.  It  was  impossible  to  obtain  the  slope  at 
this  point,  as  the  river,  for  about  200  ft.  above,  is  very  much  more 
rapid,  and  the  velocity  of  the  current  at  the  point  of  measurement 
must  be  influenced  considerably  by  these  rapids.  The  average  slope, 
however,  was  taken  for  some  distance  above  and  below,  to  take  in  all 


NOBLE    ON    GAUGING    OF    CEDAR    RIVER. 


TABLE   No.    1. — DisoHABGK  of    Cedar    River. 
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irregularities  near  the  point  of  gauging.  The  value  of  n,  however,  is 
not  materially  aflfected  by  any  possible  error  in  the  slope,  a  change  of 
100%  in  which  would  make  no  appreciable  difference.  The  following 
is  a  list  of  the  values  of  n  at  the  different  stages  of  the  river,  as  calcu- 
lated from  Kutter's  formula: 


Discharge,  in  cubic  feet 
per  second. 


Value  of  n. 

103.7 0.037 

147 0.029 

165.7 0.029 

169.7 0.030 

185.7 0.031 

187.7 0.030 

356.5 0.040 


Discharge,  in  cubic  feet 
per  second. 


Value  of  n. 

715.1 0.045 

808.1 0.042 

1302.7 0.031 

1549.9 0.030 

1979.7 0.026 

2  175.6   0.0297 


At  this  point  in  the  river  n  increases  with  the  increase  of  discharge, 
Tip  to  about  700  cu.  ft.  jjer  second,  and  then  decreases  with  the  increase 
of  discharge.  At  1  300  cu.  ft.  per  second  the  value  of  n  remains 
nearly  constant  and  is  about  the  same  as  the  lowest  value  at  the  point 
of  float  measurements,  when  discharging  356  cu.  ft.  per  second. 

At  Clifford  Bridge  the  river-bed  is  a  comparatively  even  sandstone 
formation  with  no  obstructions,  except  two  or  three  small  boulders 
lodged  near  the  north  bridge  pier.  The  river  flows  between  two  rock- 
filled  log  cribs,  which  form  the  bridge  piers  (Fig.  1,  Plate  I). 
There  was  some  leakage  around  and  through  these  piers  at  very  high 
stages  of  the  river,  but  practically  none  when  the  flow  was  less  than 
2  000  cu.  ft.  per  second.     The  flow  at  very  high  stages,  as  given  in  the 
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diagrams  and  tables,  is  more  or  less  in  error  on  this  account  and  also 
from  the  fact  that  when  the  discharge  was  greater  than  2  176  cu.  ft. 
per  second,  it  was  estimated.  Neither  of  these  causes,  however,  would 
materially  affect  the  discharge  below  2  000  cu.  ft.  per  second. 

At  the  point  of  float  measurement  the  stream  represents  a  very 
rough  condition.  The  boulders  form  eddies  and  side  currents  which 
must  seriously  reduce  the  effective  area  of  discharge  at  low  water.  It 
would  be  impossible  to  estimate  the  nature  or  extent  of  this  influence, 
which  is  probably  nearly  a  fixed  amount,  and  its  effect  on  the  discharge 
becomes  proi^ortionately  less,  as  the  area  of  cross-section  increases 
with  the  height  of  the  stream;  whereas  in  Kiitter's  formula  it  is  a  con- 
stant quantity.  It  is  evident  that  any  assumed  value  of  n  would  not 
give  equally  correct  results  at  different  stages  of  the  river  or  at 
different  places  in  the  river  at  the  same  stage.  This  discrepancy  is 
more  pronounced  in  rapid  and  irregular  streams,  and  unless  the 
channel  is  very  regular  and  the  surfaces  very  smooth,  it  is  impossible 
to  obtain  accurate  or  reliable  results  by  surface-float  measurements. 
The  irregularity  of  the  current  in  rapid  streams  is  strikingly  illus- 
trated in  the  diagram,  Fig.  1,  in  which  the  velocity  of  the  cur- 
rent at  Station  10,  at  the  point  of  meter  measurements,  at  different 
stages  and  depths  of  the  river,  is  plotted.  In  almost  every  stream 
there  are  numerous  side  currents,  eddies  and  irregularities  in  the  flow, 
which  are  caused  by  obstacles  and  the  unevenness  of  the  river-bed  a 
considerable  distance  above  the  point  of  gauging,  which  would  not  be 
accounted  for  in  the  measurement  of  the  cross-section,  etc. ,  at  the 
point  of  gauging.  It  is  possible  that,  by  taking  the  cross-section  and 
the  slope  measurements  for  a  sufficient  distance  along  the  river-bed  to 
develop  more  accurately  the  average  condition  of  the  river,  the  dis- 
charge would  be  found  to  more  nearly  follow  Kutter's  formula.  This, 
however,  would  make  the  formula  very  cumbersome,  in  many  cases 
practically  impossible  to  solve,  and  would  still  leave  the  question  of 
the  value  of  n  to  be  settled. 

To  facilitate  taking  the  meter  measurements  and  soundings  for  the 
cross-section,  a  platform  was  constructed  and  suspended  from  the 
bridge  as  nearly  as  possible  at  right  angles  to  the  direction  of  the  cur- 
rent and  as  near  to  the  surface  of  the  water  in  the  river  as  was  safe. 
To  the  up-stream  face  of  this  platform  was  nailed  a  graduated  board, 
6  ins.  X  1  in.,  the  top  edge  of  which  was  leveled  off,  and  projected  \  in. 
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Fig.  2. 
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above  the  platform.  From  the  top  edge  of  this  board  all  horizontal 
and  vertical  measurements  were  taken.  A  frame  was  constructed  to 
hold  the  sounding  rod  and  the  meter  vertically  in  the  i^lane  of  the 
cross-section  while  the  measurements  were  being  taken.  In  a  groove 
in  the  frame  the  rod  or  meter  handle  was  free  to  move  vertically  in  the 
plane  of  the  cross-section,  and  the  frame  could  be  moved  horizontall}" 
along  the  platform  in  the  plane  of  the  cross-section  to  any  station  de- 
sired. Fig.  1,  Plate  I,  shows  the  operator  with  the  meter  and  frame 
in  position  on  the  platform  for  taking  velocity  readings. 


200  300 

VELOCITY  IN  FEET  PER  MINUTE 
Fig.  1. 

Haskell's  current  meter  was  used.  The  propeller  wheel  is  7^  ins. 
in  diameter  and  is  designed  to  make  one  revolution  for  every  2  ft.  of 
current  passing,  the  exact  ratio  being  determined  by  rating  the  meter. 
The  meter  was  rated  twice  during  the  discharge  measurements,  once 
over  a  100-ft.  course  and  once  over  a  200-ft.  course.  The  100-ft. 
course  was  measured  on  a  No.  9  steel  wire  stretched  between  two 
piles  in  a  favorable  locality.  For  the  200-ft.  course,  the  wire  was 
stretched  between  the  wharf  and  a  pile  250  ft.  distant.  The  place 
selected  was  well  protected  from  the  wind,  and  during  the  rating 
there  was  no  appreciable  current  in  the  bay.  Two  buttons  were 
soldered  on  the  wire  exactly  200  ft.  apart.     These  points  were  used 
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as  stations,  and  tlie  stop  watch  in  the  velocity  register  was  started  and 
stopped  while  the  meter  in  the  boat  was  passing.  The  meter  was 
fastened  in  a  vertical  i^osition  in  a  frame  in  the  boat  about  3  ft.  ahead 
of  the  bow.  The  wheel  was  2  ft.  below  the  surface  of  the  water. 
On  each  end  of  the  boat  screw-eyes  were  fastened,  through  which  the 
wire  ran  and  which  acted  as  guides  to  keep  the  boat  in  line  with  the 
course  and  allow  the  meter  to  be  pulled  back  and  forth  at  any  velocity 
desired.  To  attain  high  velocities  a  long  rope  was  attached  to  the 
bow  of  the  boat,  and  a  man  on  the  wharf  pulled  the  boat  along  the 
course.  On  the  200-ft.  course  thirty-six  velocity  readings  were  taken, 
at  various  speeds,  from  28  to  363  ft.  per  minute,  and  from  these  tests 
the  meter  was  rated. 


'-g^ 

— 

-" 

"" 

1 

1 

^ 

^ 

* 

?g    ?    a    3 

s  s  ? 

-JiiL 

■o    «    2    i: 

^    o    2    g    S!    ?: 

U   s    s    ??    ^  ^ 

frH                 -    c>     « 

■:,_ 

,-. 

■? 

> 

f 

G 

- 

^ 

t 

4 

3 

' 

1 

>• 

"J^ 

■> 

- 

^- 

0 
1 

', 

n 

-I 

, 

y 

. 

L 

- 

- 

- 

^ 

i^ 

M 

^ 

c^ 

J 

s. 

-4 

Z: 

- 

_ 

h^ 

^ 

~ 

i: 

_ 

1 

_ 

_ 

BOTTOM  OF  THE  RIVER 

FiG.2. 

The  cross-section  of  the  stream  at  the  point  of  measurement  is 
shown  in  Fig.  2.  Soundings  were  taken  every  6  ins.  across  the  stream. 
As  the  rod  was  always  held  in  a  vertical  position  in  the  jalane  of  the 
cross-section,  all  the  irregularities  in  the  bed  of  the  river  at  this  point 
were  accurately  developed. 

In  taking  discharge  measurements  the  cross-section  was  divided 
into  vertical  sections  2  ft.  wide  and  the  full  depth  of  the  stream.  In 
the  middle  of  each  of  these  sections,  velocity  readings  were  taken  at 
depths  varying  from  0.2  ft.  to  0.4  ft.  apart  (depending  upon  the  height 
of  the  river)  from  the  surface  to  the  bottom.  The  velocity  readings 
in  each  section  were  averaged  and  multiplied  by  the  area  of  the  section 
to  obtain  the  discharge.     The  discharge  of  the  river  was  obtained  by 
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adding  together  the  discharges  of  all  the  sections.  In  this  manner 
discharge  measurements  were  obtained  for  twelve  different  gauge 
heights  ranging  from  2.07  ft.  to  6.26  ft.,  and  representing  from  104  to 
2  176  cu.  ft.  per  second.  On  account  of  the  force  of  the  current  and 
the  danger  from  floating  logs,  it  was  not  safe  to  use  the  meter  at  higher 
stages  of  the  river  than  the  latter.  The  former  measurement  was 
taken  at  the  lowest  recorded  height  of  the  river,  which  occurred  while  a 
part  of  the  flow  was  being  stored  in  Cedar  Lake  diiring  the  construc- 
tion of  the  storage  dam  at  the  outlet.  These  measurements  are  shown 
in  Table  No.  2. 

TABLE  No.  2. — Discharge  Measukements  by  Metek. 


Date. 

Maximum 
velocity. 

Average 
velocity. 

Ratio  of 
average 
to  maxi 
mum 
velocity. 

Area  of 
cross- 
section. 

Wetted 
perimeter. 

Height 

on  gauge 

board. 

Discharge, 

in 
cubic  feet 
per  second. 

1895. 

Aug.  10th... 

141 

96 

.68 

118.02 

61 

2.50 

188 

"      19th... 

141 

96 

.67 

105.72 

60.5 

2.40 

170 

Sept.  6th.... 

143 

95.2 

.67 

116.64 

61 

2.49 

186 

"    24th.... 

209 

140 

.67 

152.83 

62.5 

3.20 

356 

Nov.  6th.... 

105 

67 

.64 

93.07 

59.5 

2.07 

104* 

"    14th.... 

131 

90 

.68 

109.78 

60.5 

2.40 

166* 

Oct.  38th.... 

127 

86 

.68 

103.37 

60 

2.27 

1470 

Dec.  13th. . . . 

572 

409 

.72 

318.92 

70.1 

6.26 

2  176 

"     23d.... 

348 

220 

.63 

220.04 

67.9 

4.37 

808 

1896. 

March  26th.. 

544 

403 

.74 

294.98 

69.2 

5.90 

1980 

"      27th.. 

484 

343 

.71 

271.40 

68.5 

5.42 

1  550 

"      29th. . 

452 

318 

.70 

246.42 

66.7 

4.90 

1  303 

April  4th 

376 

224 

.60 

191.78 

64.2 

3.90 

715 

*  Taken  when  water  was  being  stored  in  Cedar  Lake. 

From  these  measurements  the  stream  was  calibrated,  giving  the 
discharge  in  terms  of  the  gauge  height.  The  fluctuations  in  the  dis- 
charge from  August  10th,  1895,  to  July  1st,  1898,  are  shown  in  the 
diagrams  Figs.  3  and  3  [continued).  The  monthly  average  is  given  in 
Table  No.  3. 

The  greatest  flow,  4  695  cu.  ft.  per  second,  occurred  November 
15th,  1896;  the  minimum  natural  flow,  138.3  cu.  ft.  per  second, 
occurred  October  31st,  1895.  The  maximum  average  monthly  flow, 
2  216  cu.  ft.  per  second,  occurred  during  December,  1896;  the  mini- 
mum average  monthly  flow,  163  cu.  ft.  per  second,  occurred  during 
October,  1896.  The  average  discharge  from  August  1st,  1895,  to 
August  1st,  1896,  was  846  cu.  ft.  per  second;  from  August  1st,  1896, 
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TABLE  No.  3. — Avekage  Discharge  and  Run-Off. 


1895. 

1896. 

1897. 

1898. 

Discharge 

cubic  feet  per 

second. 

©  a 

111 

^  3 

a 

SB  S 
a  a 

n  a 
M  o  S 

a 

m  o  <B 

January 

1  318 

1  339 

939 

788 

1  284 

1  653 

733 

260 

229 

163 

1  594 

2  216 

10.56 

10.06 

7.53 

6.13 

10.32 

12.85 

5.89 

2.09 

1.78 

1.31 

12.40 

18.16 

1  454 

1  302 

798 

1  599 

1  562 

1  057 

1  1S5 

448 

350 

389 

1  319 

1  637 

11.42 
9.45 
6.40 
12.43 
12.55 
8.22 
9.12 
3.60 
2.72 

2.ra 

10.36 
13.15 

850 
1  377 
587 
716 
998 
801 

6.47 

February 

10.60 

4.71 

5.56 

May 

8.01 

June 

6.23 

July 

August 

193 
235 
172 
397 
1  110 

1.55 
1.75 
1.38 
3.09 
8.92 

September.  . . . 

November 

December 

Total 

16.69 

99.08 

102.04 

Average 

419.5 

3.34 

1  043 

8.26 

1  083 

8.50 

Drainage  area  of  Cedar  River  =  143i  square  miles. 

to  August  1st,  1897,  1  114  cu.  ft.  per  second;  from  August  1st,  1897, 
to  August  1st,  1898,  802.6  cu.  ft.  per  second. 

The  drainage  area  of  Cedar  Eiver  has  never  been  entirely  surveyed. 
The  upper  part  is  in  the  heart  of  the  Cascade  Mountains.  Two 
parallel  ranges  of  mountains,  spurs  of  the  main  Cascades,  running  in 
a  westerly  direction,  form  the  valley  of  Cedar  River.  The  mountains 
extend  to  within  10  miles  of  the  mouth  of  the  river  on  one  side,  and 
up  to  the  mouth  on  the  other  side.  Except  near  the  summit  of  the 
Cascades  at  the  head  waters  of  the  river,  the  mountains  are  heavily 
wooded  with  fir,  cedar  and  hemlock.  Between  the  summits  of  the 
two  ranges  the  valley  is  from  Sf  to  8  miles  wide.  The  upper  portion 
of  the  drainage  area  is  high  and  precipitous,  the  mountains  ranging 
from  5  000  to  8  000  ft.  above  sea  level.  Cedar  Lake,  which  is  about 
in  the  center  of  the  drainage  area,  is  1  600  ft.  above  sea  level.  Fig.  2, 
Plate  I,  shows  Cedar  Lake  looking  east  from  the  west  end  of  the  lake. 

The  portion  of  the  drainage  area  below  Cedar  Lake  varies  in 
height  from  20  to  5  000  ft.  above  sea  level.  The  mountains  in  the 
lower  portion  of  the  valley  merge  into  a  series  of  high  hills,  which 
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are  not  precipitous.  Lying  between  the  mountains  there  is  a  con- 
siderable portion  of  level  land,  and  benches  which  are  very  heavily 
timbered.  The  run  oflf  (see  Table  No.  3  and  the  diagram,  Fig.  4)  is 
calculated  by  assuming  that  the  drainage  area  above  Cliflford  Bridge 
is  143.5  square  miles.  This  is  correct  except  as  to  the  upper  or 
unsurveyed  portion  of  the  valley. 

No  direct  information  is  available  as  to  the  precipitation  in  Cedar 
River  valley.     During  1896  a  continuous  record  was  kept  at  Monte 


Fig.  4. 

Cristo,  which  is  36  miles  north  of  Cedar  River,  and  occupies  about 
the  same  relative  position  in  the  mountains  as  the  center  of  the 
drainage  area  of  Cedar  River,  and  is  subject  to  practically  the  same 
climatic  conditions.  In  the  diagram,  Fig.  4.  the  monthly  average 
precipitation  at  this  point  is  plotted  with  the  monthly  run-oflf  of 
Cedar  River  drainage  area,  to  show  the  probable  relation  between 
precipitation  and  run- off  in  this  region.  During  the  winter  months, 
while  the  snow  is  accumulating  in  the  mountains,  the  precipitation  is 
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very  much  in  excess  of  the  run-off;  in  the  spring,  while  the  snow  is 
melting  in  the  mountains,  the  run-oflf  is  much  greater  than  the  pre- 
cipitation. 

The  amount  of  evaporation  would  be  very  difficult  to  determine,  as 
the  precipitation  varies  greatly  in  different  parts  of  the  basin,  and  in- 
numerable stations  would  be  required  in  order  to  get  the  average 
condition.  It  is  not  likely,  however,  that  there  is  much  loss  by 
evaporation,  as  during  most  of  the  year  the  air  in  the  mountains  is 
near  the  point  of  saturation  and  the  sky  is  overcast. 

An  interesting  study  of  the  influence  of  land  surfaces  on  precipita- 
tion is  afforded  by  the  records  of  the  signal  stations  in  the  Puget 
Sound  region,  between  the  summits  of  the  Cascades  and  the  Pacific 
Coast.  In  the  fall,  winter  and  early  spring  the  prevailing  winds 
are  from  the  southwest,  over  the  Pacific  Ocean.  At  the  sea  coast,  in 
the  States  of  Washington  and  Oregon,  they  first  come  in  contact  with 
land  surfaces,  and  the  precipitation  is  enormous.  At  Cape  Flattery 
and  Clear  Water,  where  the  mountains  reach  down  to  the  coast,  it 
ranges  from  100  to  130  ins.  per  annum.  From  the  sea  coast  the  lower 
air  currents,  in  passing  into  the  Sound  country,  follow  the  depres- 
sions between  the  ranges  of  mountains.  The  northern  passage  is 
through  the  Straits  of  Juan  de  Fuca,  between  the  Olympic  Mountains 
on  the  south  and  Vancouver  Island  on  the  north,  and  the  air  currents 
coming  from  the  ocean  over  this  course  pass  in  succession  in  an  east- 
erly direction  the  following  signal  stations:  Clear  Water,  Tatoosh 
Island,  Pysht,  Port  Angeles  and  Coupeville,  the  latter  being  the  center 
of  the  Sound  region.  In  following  the  southern  course  the  air  cur 
rents  first  strike  the  coast  between  the  mouth  of  the  Columbia  Kiver 
and  Gray's  Harbor,  taking  a  northeasterly  direction  around  the  south- 
ern end  of  the  Olympic  Mountains,  and  then  in  a  northerly  direction 
between  the  Cascades  and  the  Olympic  Mountains,  passing  in  succes- 
sion the  following  stations:  South  Bend,  Olympia,  Tacoma,  Seattle 
and  Coupeville.  All  these  stations  are  at  sea  level  and  the  difference 
in  precipitation  cannot  be  accounted  for  by  difference  in  elevation. 
In  Table  No.  4  it  will  be  noticed  that  the  precipitation  almost  invari- 
ably increases  from  the  sea  coast  to  the  center  of  the  Sound  region,  at 
Coupeville,  along  the  courses  mentioned.  From  the  coast  of  the  Sound 
east  toward  the  Cascades  the  precipitation  rapidly  increases  again 
and   apparently   reaches   its   maximum   at  the  summit.     The  actual 
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TABLE  No.  4. — Pkecipitation  in  the  Puget  Sound  Eegion. 
Measdkements  in  Inches. 


1897. 

1 

1— « 

o 

B 

t 

a 
< 

1 

_4J 

a 

o 

a 

i 

m 
5 

ft 

s 

o 

1 

6 

1 

02 

« 

CD 
P. 
P 
O 

o 

North  Bend. 

J 

tutPn 

January 

16.52 

12.20 
11.16 
11.31 
7.61 
3.45 
3.37 
3.11 
2.66 
2.16 
2.91 

17]  50 

8.31 

5.19 

7.86 

2.75 

1.88 

1.87 

.90 

1.36 

1.54 

2.55 

14.. 37 

18.98 

8.77 

2.17 

2.40 

.48 

.63 

1.16 

.88 

.28 

1.32 

1.13 

6.03 

9.85 

2.79 
1.82 
3.49 

.88 
2.18 

.84 
1.46 

.85 
1.37 
1.80 
4.42 
3.97 

8.49 
10.30 
11.24 
3.61 
3.58 
3.77 
2.19 
.86 
2.65 
3.43 
18.68 
30.70 

5.81 

6.58 

6.29 

1.38 

1.02 

1.49 

.89 

.36 

2.62 

1.55 

13.01 

17.60 

6.92 

5.19 

4.73 

1.64 

1.46 

1.54 

.87 

.58 

1.41 

1.63 

12.31 

14.48 

3.74 
3.99 
3.05 
1  53 
1.30 
1.67 
2.36 
.24 
2.04 
1.92 
8.89 
11.80 

2.79 
1.82 
3.49 

.88 
2.18 

.84 
1.46 

.85 
1.37 
1.80 
4.42 
3.97 

10.07 
10.05 
7.65 
5.40 
3.86 
5.33 
3.84 

]^i 

23.07 
33.62 

11.42 

May 

July 



September. . 

October 

November.. 
December . . 

3.15 

7.40 

33.85 

23.66 



Total.... 

95.21 

68.28 

28.10 

35.87 

89.49 

58.50 

52.76 

41.53 

25.87 

1895 

*m.26 

92.95 
100.85 
95.21 

'68;2i 

24.07 
30.42 
28.10 

37.05 
51.02 
53.76 

29.69 

1896 

22.86 

35.87 

'89;49 

65.46 
58.50 

42.83 
41.53 

32.86 

25.87 

1897 

90.00 

*  Eleven  months,  January  not  included. 

run-off  from  the  drainage  area  of  Cedar  River,  allowing  for  the  loss  by 
evaporation  and  the  decrease  of  precipitation  toward  the  lower  por- 
tion of  the  drainage  area,  is  greater  than  at  any  station  in  the  Sound 
region  at  which  records  are  kept.  At  the  summit  of  the  Cascades  the 
precipitation  must  be  very  great,  possibly  as  much  as  200  ins.  per 
annum. 

It  is  a  common  belief  that  there  is  some  more  or  less  well-defined 
relation  between  the  amount  of  rainfall  and  the  elevation  of  the  local- 
ity above  sea  level.  The  record  of  precipitation  in  Puget  Sound  is  a 
striking  illustration  of  the  fallacy  of  such  a  supposition.  At  Clear 
Water,  on  the  sea  coast,  the  precipitation  is  gi-eater  than  at  Monte 
Cristo,  which  is  2  700  ft.  above  tide  water,  in  the  heart  of  the  moun- 
tains directly  east  of  Clear  Water.  Though  precipitation  in  most  cases 
is  greater  at  higher  elevations  than  in  the  adjacent  valleys,  it  would 
not  be  safe  to  apply  this  rule  to  all  possible  combinations  and  climatic 
conditions.  It  is  very  doubtful  if  there  is  any  relation  that  would  be 
the  same  for  different  localities  or  for  different  periods  of  time  in  the 
same  locality.     The  increase  of  precipitation  in  the  higher  elevations 
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is  largely  influenced  by  the  fact  that  the  upper  air  currents  pass  over 
the  intervening  land  surface  high  enough  to  be  out  of  reach  of  its  in- 
fluence and  reach  the  mountains  in  a  saturated  condition,  thus  caus- 
ing the  great  precipitation. 

The  question  of  precipitation  is  not  generally  of  much  value  to  the 
practicing  engineer,  because  of  the  many  influences  governing  its 
amount  and  variation  in  difierent  localities,  and  the  impossibility  of 
securing  data  which  will  give  a  reliable  basis  for  the  calculation  of  the 
actual  discharge  of  a  stream.  The  only  excuse  for  touching  on  the 
subject  in  this  paper  is  to  bring  out  some  features  peculiar  to  the 
region  about  Puget  Sound,  which  are  unusual,  and  will  perhaps  be 
interesting  as  indicating  the  futility  of  attempting  to  establish  any 
relation  between  the  run-ofi"  and  the  precipitation. 

It  behooves  the  engineer  whose  work  depends  uj^on  the  value  or 
character  of  the  discharge  of  any  stream,  to  determine  by  actual 
measurement  the  fluctuation  of  discharge  covering  a  sufficient  period 
of  time  to  develop  any  unusual  conditions  that  are  liable  to  occur, 
and  the  longer  the  period  of  time  the  observations  cover,  the  greater 
their  value.  In  adjacent  drainage  basins,  where  the  topography  of 
the  country  and  the  climatic  conditions  are  practically  the  same,  the 
discharge  will  be  subject  to  the  same  fluctuations,  and  it  is  likely  that 
the  amount  of  discharge  will  be  nearly  proportional  to  their  relative 
drainage  areas.  This  is  quite  clearly  shown  in  a  paper  by  C.  C.  Babb, 
Jun.  Am.  Soc.  C.  E.,  *  in  which  the  average  monthly  discharge  of  the 
drainage  areas  of  the  Croton  and  Sudbury  rivers  are  plotted  on  the  same 
diagram.  Even  this  relation,  however,  would  not  hold  good  if  their 
respective  areas  were  too  large  to  be  subject  to  the  same  climatic 
influences. 

In  reference  to  the  discharge  of  rivers  and  streams,  a  most  valua- 
ble service  is  being  rendered  to  the  engineering  public  by  the  United 
States  Geological  Survey,  in  collecting  and  publishing  the  results  of 
discharge  measurements  of  numerous  streams  in  the  United  States, 
made  by  the  department  and  by  others. 

No  record  of  the  discharge  of  a  stream  is  of  much  value  unless  it 
covers  a  series  of  years,  but  it  is  very  seldom  that  the  development  of 
an  enterprise  can  be  postponed  for  the  length  of  time  required  to 
obtain  the  data  upon  which  the  most  important  features  of  the  scheme 

*  Transactions,  Am.  Soc.  C.  E.,- Vol.  xxviii,  p.  331. 
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may  depend.  The  result  is  that  if  the  engineer  cannot  get  the  desired 
information  from  some  reliable  source,  he  is  compelled  to  make  esti- 
mates, and  in  these  he  can  have  but  little  confidence,  for  some 
unexpected  flood  or  dry  season  is  sure  to  come  sooner  or  later  and 
entirely  upset  his  calculations  and  possibly  cripple  the  value  of  the 
plant.  It  seems  jjarticularly  fitting  that  the  government  should 
undertake  and  carry  out  this  work,  as  the  case  is  very  exceptional 
where  the  engineer  is  in  a  position  to  take  observations  covering  the 
long  time  necessary  to  secure  data  of  much  practical  value. 
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DISCUSSION. 


Mr.  Hering.  RcDOLPH  Heking,  M.  Am.  Soc.  C.  E. — When  it  is  realized  that  the 
country  of  which  the  author  writes  has  been  but  recently  settled,  and 
that  very  few  observations  regarding  rainfall  and  stream-flow  have  been 
recorded,  it  is  somewhat  remarkable  and  gratifying  to  note  that  an  engi- 
neer, Mr.  Benezette  Williams,  when  asked  jierhaps  seven  or  eight  years 
ago  to  furnish  a  plan  for  providing  the  city  of  Seattle  with  water,  came 
so  near  to  estimating  the  actual  minimum  flow  of  the  Cedar  River,  as  it 
has  now  Tseen  determined  by  gauging.  This  shows  what  an  engineer  in 
a  new  country  can  do  towai'd  getting  comparatively  near  to  the  actual 
facts,  when  the  true  value  and  importance  of  the  few  available  data  are 
carefully  scanned,  weighed  and  aj)plied  to  the  locality  where  the  new 
work  is  to  be  done,  largely  on  the  basis  of  the  relation  between  the 
stream- flow  and  rainfall  in  other  jjarts  of  the  country  where  this  relation 
is  more  accurately  known.  Mr.  Williams  estimated  the  minimum  flow 
of  the  Cedar  River,  in  round  numbers,  at  about  178  cu.  ft.  per  second, 
while  the  gaugings  of  the  author  later  determined  it,  as  the  average 
monthly  discharge  for  October,  1896,  to  be  163  cu.  ft.  per  second, 
which  is  certainly  a  remarkably  close  agreement,  under  the  circum- 
stances. 

In  reference  to  the  diagram.  Fig.  3,  attention  may  be  called  to  the 
act,  known  to  the  speaker  from  his  own  experience,  that  the  minimum 
rainfall  and  stream-flow  of  that  country  for  a  period  extending  over 
many  years  ai:)i)ears  to  have  occurred  in  1895,  the  year  with  which  the 
diagram  begins.  There  was  not  much  rainfall  in  the  subsequent 
winter  months,  and  consequently  the  flow  in  the  following  summer 
was  just  about  as  low  as  it  was  the  year  before.  Then  came  a  high 
spring  rainfall,  and  a  greater  summer  flow.  During  1898,  there  was, 
in  the  early  months,  March,  April  and  May,  a  very  low  rainfall,  and  the 
diagram  ends  at  the  most  interesting  point,  namely,  at  the  end  of  June, 
when  the  line  still  goes  down,  and  apparently  indicates  that  the  mini- 
mum flow  of  the  ijrevious  years  may  be  exceeded  during  the  fall  of 
1898.  It  is  to  be  hoped  therefore  that  the  author,  in  concluding  the 
discussion,  will  give  the  Society  the  benefit  of  the  observations  for  the 
following  months  of  July,  August  and  September,  1898,  so  that  a  com- 
plete report  of  a  very  interesting  period  may  be  i^ublished. 

It  often  happens  that  formulas  are  compared  with  actual  observa- 
tions which  are  insufficient  in  number  and  extent,  and  bold  conclusions 
are  drawn  which  are  not  warranted.  In  this  case  the  author  describes 
a  mountainous  stream,  with  an  average  depth  of  2h  to  3  ft.,  in  the  bed 
of  which  are  boulders  ranging  from  2  ft.  to  6  ins.  in  diameter.  These 
boulders  form  eddies  and  cause  retardations  which  must  seriously  in- 
fluence the  eff'ective  cross-sectional  area  of  discharge.     Yet  with  such 
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conditions  the  author  seriously  applies  a  formula,  strictly  applicable  Mr.  Hering. 
only  to  more  regular  channels;  and,  because  it  does  not  coincide  with 
the  actual  measurement,  makes  it  appear  as  though  the  formula  was 
not  as  correct  as  it  should  be.  In  the  speaker's  opinion,  all  the  usual 
hydraulic  formulas,  from  their  very  nature,  can  only  be  tentatively  ap- 
plied in  such  cases,  because  they  are  deduced  from  observations  made 
in  channels  where  the  conditions  are  much  more  regular  than  those  of 
the  stream  under  discussion.  The  discrepancies  which  the  author 
points  out  are,  therefore,  only  to  be  expected.  They  would  be  reduced 
only  by  a  much  greater  number  of  observations  made  over  the  particu- 
lar cross-section,  and  by  a  careful  consideration  of  the  effects  of  every 
boulder  or  other  obstruction  within  a  reasonable  distance,  both  above 
and  below  the  section. 
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CORRESPONDENC  E. 


Mr.  LeConte.  L.  J.  Le  Conte,  M.  Am.  Soc.  C.  E. — The  apiDarent  discrepancy  be- 
tween the  results  of  gauging  by  the  use  of  floats  and  by  meter 
measurement  can  be  quite  easily  exjilaiued.  The  value  adopted  for  ii 
was  entirely  too  low  for  a  stream  of  this  class.  In  the  case  of  torrential 
streams  having  a  rough  channel-bed  composed  of  boulders  2  ft.  and 
less  in  diameter,  it  is  generally  conceded  to  be  unwise  to  adopt  a  velocity 
coefficient,  for  the  formula  r  ^  c  ^  r  .s,  higher  than  32,  and  in  most 
cases  where  the  flow  is  over  ordinaiy-sized  cobblestone  beds,  the  coef- 
ficient c  will  not  exceed  53  to  54.  These  values  of  c  were  found  to  cor- 
resjjoud  to  Kutter's  subcoeflficient  ;/  =  0.049  and  0.036,  respectively. 
The  aiithor's  results  would  seem,  therefore,  to  be  entirely  consistent 
Avith  past  experience  in  gauging  such  streams,  namely,  that  as  a  rule 
the  discharge  is  actiially  only  about  half  that  foxiud  by  using  the  ordi- 
nary formulas  and  coefficients.  Of  course,  meter  observations  are  more 
accurate  than,  and  superior  in  every  way  to,  floats  for  obtaining  any 
given  discharge  quantity;  but,  on  the  other  hand,  the  floats  are  much 
more  readily  applied  in  practice,  and,  if  good  judgment  is  exercised, 
will  generally  give  very  fair  results. 

The  method  adopted  by  the  author  in  gauging  the  flow  of  the  rivers 
by  simply  taking  gauge  heights  and  ascertaining  the  corresponding  dis- 
charges graphically  from  a  previously  constructed  discharge  curve  is 
all  very  simple  and  makes  a  very  convenient  record;  but  there  is  plenty 
of  I'oom  for  wide  discrepancies  unless  separate  gauge  heights  are  kept, 
one  set  for  a  i-ising  river  and  another  for  a  falling  river,  for  the  well- 
known  reason  that  for  any  given  gauge-height  the  actual  discharges  on 
a  rising  river  are  greatly  in  excess  of  the  corresponding  discharges  on  a 
falling  river  with  the  same  gauge  height.  Hence,  unless  all  the  cir- 
cumstances of  the  case  are  fully  known  and  understood,  the  simjile 
gauge  heights  have  no  great  value  in  determining  discharges  of  rivers. 

The  rainfall  and  run-oflf  diagram.  Fig.  4,  page  11,  is  certainly  quite 
extraordinary,  the  anniaal  rainfall  taken  from  the  diagram  footing  up 
to  103.3  ins.,  Avhile  the  annual  run-ofif  =  100  ins.,  or  ^1%  of  the  rain- 
fall, thus  leaving  practically  nothing  to  be  credited  to  evaporation,  ab- 
sorption and  percolation,  which  generally  get  away  with  50  per  cent. 
The  minimum  daily  run-oft',  138  cu.  ft.  per  second  from  143.5  sq.  miles 
of  water-shed,  means  nearly  1  cu.  ft.  per  second  from  each  square  mile, 
which,  all  things  considered,  seems  to  be  quite  anomalous. 

Engineering  history  shows  that  rainfall  and  run-off"  records  con- 
stitute a  most  valuable  and  reliable  guide  for  the  judgment  of  the 
hydraulic  engineer.  Local  information  peculiar  to  each  district  is,  of 
course,  especially  desirable. 

Table  No.  3,  page  10,  calls  to  mind  the  fact  that  grave  mistakes  are 
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too  often  made  in  storage  schemes  based  on  average  annual  rainfall  and  Mr.  L-?Cont-H. 
run-off.  Such  calculations  are  nearly  always  misleading  and  falla- 
cious, because  the  promotors  almost  invariably  fail  to  recognize  the 
important  fact  that  it  is  iitterly  impracticable  to  catch  and  hold  the 
excessive  run-offs,  whic)\  must  run  to  waste,  and  these  are  the  very 
ones  which  go  to  swell  the  record  of  the  average  annual  rainfall  upon 
which  all  the  storage  calculations  are  based. 

Geoege  W.  Rafter,  M.  Am.  Soc.  C.  E. — The  paper  raises  a  number  Mr.  Rafter, 
of  questions  of  considerable  interest  to  every  engineer  having  to  do 
Avith  the  run-off  of  streams,  which  the  writer  wishes  to  discuss  briefly. 

In  the  first  jslace  it  is  desired  to  emphasize  the  fact  that  a  current 
meter  gauging  does  not  admit  of  such  accuracy  as  to  justify  stating 
the  mean  monthly  ran -offs"  to  even  the  first  decimal  place.  The  lack 
of  judgment  which  engineers  frequently  disi:)lay  in  the  use  of  decimals 
to  the  third  or  fourth  place,  when  the  first  place  is  ample,  goes  far  to 
substantiate  the  view  held  by  many  people  that  engineers  are  not  busi- 
ness men ;  and  the  use  of  the  first  decimal  place  in  imcertain  cases,  where 
the  even  quantity  is  ample,  is  erjually  bad.  The  working  engineer  is, 
first  of  all,  a  man  of  affairs,  and  should  not  attempt  to  appear  ex- 
tremely accurate  by  the  use  of  decimals,  in  cases  not  admitting  of  deci- 
mal acciTracy. 

In  this  pai3er,  indeijendent  of  current  meter  gaugings,  the  uncer- 
tainty existing  as  to  the  relation  between  run- off,  precipitation,  and 
catchment  area,  easily  indicates  large  room  for  error.  At  the  same 
time  the  writer  does  not  wish  to  be  imderstood  as  criticising  the  paper, 
either  unkindly  or  captiously.  It  is  rather  his  desire  to  take  the  paper 
as  a  text  for  presenting  certain  broad  propositions  in  relation  to  stream 
flow  and  allied  subjects. 

It  is  becoming  quite  popular  to  say  that  evaporation  is  very  diffi- 
cult to  determine — the  average  engineer  di'ojjs  the  whole  subject  at 
this  point — and,  while  the  essential  truth  of  the  statement  cannot  be 
gainsaid,  it  is  equally  certain  that  a  good  deal  can  be  done  with  evapor- 
ation data,  if  due  regard  is  given  to  all  that  is  known  on  the  subject. 

As  to  the  view  expressed  by  the  author,  that  it  is  not  likely  that 
there  is  much  loss  by  evajjoration  from  the  Cedar  River  catchment 
area,  because  "during  most  of  the  year  the  air  in  the  mountains  is 
near  the  point  of  saturation  and  the  sky  is  overcast,"  it  may  be  simply 
pointed  out  that  if  this  statement  is  true  for  any  considerable  period 
of  time,  then  the  Cedar  River  catchment  area  is  apparently  an  excep- 
tion to  about  all  other  areas  thus  far  studied.  Undoubtedly  there  are, 
in  some  cases,  periods  of  greater  or  less  extent  during  which  evapora- 
tion is  nearly  nil,  but  for  the  entire  year  the  account  when  properly 
balanced  will  always  show  something  to  the  credit  of  evaporation. 
These  statements  are  based  upon  an  examination  by  the  writer  of  a  very 
large  proportion  of  all  the  records  of  rim-off  in  relation  to  jirecipita- 
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Mr.  Rafter,  tion  and  catcliment  area  thus  far  made.  It  is  believed  tliat  everything 
published  in  the  United  States  has  been  examined,  as  well  as  many  of 
the  foreign  records. 

Systematic  study  of  the  English  meteorological  records  extending 
over  many  years  has  shown  that  in  the  western  part  of  the  British 
Isles  there  is  usually  an  increase  of  precipitation  in  some  degree  pro- 
portionate to  the  elevation  above  sea  level.  For  that  particular  region 
the  proposition  is  well  established  that  precipitation  increases  about 
in  proportion  to  the  altitude  above  the  sea.  The  "common  belief" 
that  this  is  so,  referred  to  by  the  author,  is  probably  founded  on  the 
general  use  in  this  country,  up  to  a  few  years  ago,  of  English  refer- 
ences to  run-oflf  and  precipitation  data.  To  broadly  deny  such  relation, 
as  the  author  does  in  his  statement  that  the  Puget  Sound  record  "  is 
a  striking  illustration  of  the  fallacy  of  such  a  supposition,"  would 
seem  to  indicate  unfamiliarity  with  the  literature  on  the  subject. 

In  the  State  of  New  York  both  conditions  obtain.  The  Hudson 
River  catchment  area  shows  a  higher  precipitation  at  the  mouth  of  the 
river  than  at  its  source  in  the  Adirondack  Mountains,  while  the 
Genesee  River  shows  the  oj^posite,  namely,  higher  precii^itation  at  its 
source  than  at  its  mouth.  The  writer  will  not  consume  the  space  nec- 
essary for  pointing  out  why  this  is  so,  but  will  simply  refer  to  his  pub- 
lished reports  on  the  Hudson  and  Genesee  storage  projects,  where 
very  extensive  tabulations  of  the  meteorology  of  these  two  catchment 
areas  may  be  found. 

The  author's  statement  that  "  the  question  of  precipitation  is  not 
generally  of  much  value  to  the  practicing  engineer,  etc.,"  must  also  be 
considered  somewhat  outre.  No  engineer  can  afford  to  overlook  the 
three  elements  needed  before  questions  of  stream  flow  can  be  discussed 
properly,  /.  e.,  run-ofl'and  precipitation  for  a  series  of  years,  and  area 
of  the  catchment  basin.  The  author  is  right  in  assuming  that  run-oflf 
is  the  most  important  of  the  three,  but  wrong  in  making  excuses  for 
introducing  precipitation  data. 

The  avithor,  having  studied  rather  unusual  conditions,  is  disposed 
to  say  that  any  attempt  to  establish  the  relation  between  run-oflf  and 
precipitation  must  be  futile;  and  here,  again,  the  writer  thinks  he  has 
hardly  done  himself  justice.  If  such  a  statement  means  that  no  broad 
general  formula,  covering  all  classes  of  streams,  is  ever  likely  to  be 
found,  then  he  is  undoubtedly  on  sound  ground.  If,  on  the  other 
hand,  he  means  to  assert  that  no  formula  can  be  made  to  fairly  fit  a 
given  catchment  area,  then  it  is  equally  clear  that  he  has  not  familiar- 
ized himself  with  what  has  already  been  done  in  that  direction. 

As  a  matter  of  fact,  jirecipitation  has  its  definite  laws  as  well  as 
everything  else  in  the  universe,  and  engineers  interested  in  stream  flow 
questions  ought  to  understand  the  general  trend  of  such  laws.  The 
writer,  however,  does  not  wish  to  be  understood  as  saying  that  all  the 
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laws  governiag  rainfall  apply  with  equal  force  to  widely  separated  Mr.  Rafter, 
localities.  That  some  of  them  do  so  apply,  may  be  gathered  by  per- 
usal of  a  paper,  "  On  Mean  or  Average  Annual  Eainfall,  and  the  fluc- 
tuations to  which  it  is  subject,"*  by  Alexander  R.  Binnie,  M.  Inst. 
0.  E.  In  this  paper  Mr.  Binnie  shows,  by  an  analysis  of  a  large  num- 
ber of  precipitation  records  from  difl'erent  parts  of  the  world,  that  there 
are  certain  fundamental  laws  applying  to  precipitation  which  are  about 
as  well  established  as  most  of  the  laws  of  physics. 

Mr.  Binnie's  paper  may  be  referred  to  for  illustrations  of  certain 
well-established  laws  of  precipitation  applying  to  all  parts  of  the  world. 
As  an  example  of  fairly  well  worked-out  laws  of  precipitation,  which 
are  not  considered  as  applying  to  other  than  a  specific  drainage  area, 
reference  may  be  made  to  the  writer's  report  on  the  Hudson  Eiver 
storage.!  Without  being  exhaustive,  it  is  believed  that  these  two  ref- 
erences will  furnish  enough  data  to  establish  the  fact  that  the  present 
state  of  knowledge  of  the  laws  of  precijiitation  is  not  chaotic. 

Benezette  WiiiLiAJvis,  Esq. — While  to  those  interested  in  hydraulic  Mr.  Williams, 
gaugings  and  hydraulic  formulas  there  is  much  in  the  paper  deserving 
of  thorough  discussion,  yet  the  reference  to  the  writer's  estimates  is 
scarcely  of  such  nature.  It  may  be  well,  however,  to  correct  any 
conclusion  which  the  readers  of  the  paper  may  form,  to  the  effect 
that  the  writer  made  a  gauging  of  Cedar  River.  This  he  did  not  do. 
What  he  did  was  to  estimate  the  probable  discharge  of  that  river* 
based  upon  surveys  of  the  slope,  and  cross-sections,  and  the  observed 
lieight  of  water  at  three  different  stages,  made  by  the  city  engineers 
of  Seattle.  The  maximum  and  minimum  discharge,  stated  in  the 
paper  as  originating  with  the  writer,  were  evidently  taken  from  his 
printed  "Report  on  Water-Works  for  the  City  of  Seattle,  to  the  Mayor 
and  City  Council,"  February  28th,  1890. 

The  following  extract  from  the  report  itself  will  convey  the  best 
idea  of  what  the  writer  did  with  reference  to  determining  the  flow  of 
Cedar  River: 

"  There  has  been  no  opportunity  for  a  careful  hydrographic  survey 
of  the  river,  but  such  as  came  incidentally  in  the  course  of  the  pre- 
liminary work. 

"From  the  cross-sections  of  the  river-bed,  the  slope  of  the  stream, 
and  the  height  of  water  at  difl'erent  stages  of  the  river,  I  estimate  that 
on  December  21st,  1889,  before  the  snows  began  to  melt,  and  when  the 
river  may  be  considered  as  being  not  much  above  its  low-water  stage, 
the  flow  was  115  000  000  galls,  in  twenty-four  hours.  During  February, 
while  the  snows  were  melting,  one  stage  showed  675  000  000  galls.,  and 
some  days  later,  at  still  another  stage  of  the  river,  probably  near  the 
high-water  staore,  the  estimate  gives  1  500  000  000  galls,  in  twenty- 
four  hours.  These  estimates  are  rough,  and  should  only  be  used  to 
indicate  the  fact  that  the  amount  of  water  that  can  be  furnished  by 
the  river,  used  in  connection  with  Swan  Lake  as  a  storage  reservoir, 
will  be  ample  for  all  possible  demands  that  the  city  can  make  upon  it." 

*Min.  Proc.  Inst.  C.  E.,  Vol.  cix,  p.  89. 

t  "Annual  Report  of  the  State  Engineer  and  Surveyor  of  the  State  of  New  York,  1896."' 
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iMr.  Williams.  From  the  above  it  is  seen  tlaat  the  minimiam  of  115  000  000  galls,  in 
twenty-four  hours,  or  177.9  cu.  ft.  per  second,  was  the  estimated  flow 
of  the  river  at  a  stage  which  was  thought  to  he  "not  much  above 
its  low-water  stage."  The  author  erroneously  states  that  the  mini- 
mum discharge,  as  estimated  by  the  writer,  was  "not  less  than 
11.5  000  000  galls,  in  twenty-four  hours."  His  statement  that  the 
writer  estimated  the  maximum  discharge  to  be  "  about  1  500  (JOO  000 
galls,  in  twenty-four  hours,"  is,  perhaps,  not  so  much  astray, 
though,  as  a  matter  of  fact  it  is  quite  different  from  the  lan- 
guage of  the  report,  which  says  that  at  a  certain  stage  of  the  water 
the  estimate  was  1  500  000  000  galls,  in  twenty- four  hours,  and  at 
this  time  the  river  was  "  jarobably  near  the  high-water  stage."  Such 
language,  qualified  by  the  subsequent  warning  that  the  "estimates 
are  rough,  and  should  only  be  used  to  indicate  the  fact  that  the 
amoixnt  of  water  that  can  be  furnished  by  the  river,  taken  in  con- 
nection with  Swan  Lake  as  a  storage  reservoir,  will  be  amjile  for 
all  possible  demands  that  the  city  can  make  upon  it,"  hardly  wai'- 
rants  the  use  of  the  figux'es  as  a  determination  of  the  maximum  flow. 
The  facts  are  that  the  extreme  high-water  flow  of  the  river  had  no 
place  in  determining  the  questions  in  hand,  and  the  assumption  that 
at  the  i^articular  stage  mentioned  the  river  was  near  high  water  was 
based  upon  a  general  and  unveritied  statement  by  the  surveyors  who 
did  the  work.  All  the  engineering  work  upon  which  the  report  was 
based  was  done  between  the  latter  part  of  October,  1889,  and  the 
latter  part  of  February,   1890,  or  in  less  than  four  months. 

To  search  out  a  pipe  line  running  30  miles  into  a  Puget  Sound 
forest,  and  to  make  other  necessary  explorations  at  that  season  of 
the  year  (when  more  than  half  the  days  are  given  over  to  rain  or  snow) 
with  the  force  at  command,  did  not  permit  of  much  useless  work. 

The  estimates  of  flow  given  were  based  entirely  iipon  the  func- 
tions of  slope  and  cross-section,  with  an  assumed  value  for  u  in 
Kutter's  formula;  the  slope  being  assumed  constant  for  all  stages  of 
the  river.  The  original  data  or  figures  not  being  at  hand,  the  value 
used  for  it  cannot  now  be  given. 

It  may  be  interesting  to  compare  some  of  the  figures  thus  obtained 
with  the  author's  more  elaborate  determination  extending  over  a 
period  of  three  years.  He  found  the  minimiim  natural  flow,  based 
upon  current-meter  measurements,  as  the  writer  understands  it,  to  be 
138.3  cu.  ft,  per  second.  The  writer  estimated  that  on  December 
21st,  1889,  when  the  river  was  considered  as  being  not  much  above  its 
low- water  stage,  the  flow  was  177.9  cu.  ft.  jser  second,  a  difference  of  a 
little  more  than  28  per  cent.  The  author's  measurements  made  by 
floats  were  from  40  to  48%"  greater  than  his  meter  measurements  when 
the  river  was  near  its  low  stage.  To  all  appearances  this  would  bring 
the  low-stage  determination  by  the  method  used  by  the  writer  be- 
tween the  float  and  meter  measurements  made  bv  the  author. 
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Other  determinations  by  the  aiithor  are  of  interest  as  bearing  iii)on  Mr.  Williams 
the  value  of  elaborate  and  involved  formulas,  such  as  Kutter's.  His 
statement  that  "the  error  due  to  assuming  0.035  as  the  value  of  //  is 
48%  for  low  stages  of  the  river,  while,  at  the  highest  stage  measured, 
the  error  was  only  15%,  is  not  reassuring  as  to  the  value  of  stich  for- 
mulas. 

The  tabulation  on  jiage  3  gives  a  range  in  the  value  of  n  from 
0.026  to  0.045.  The  question  arises,  of  what  use  is  elaboration  in  a 
hydraulic  formula  if  such  is  the  case?  Why  is  it  not  just  as  scientific 
to  guess  at  c  in  the  formula  v  =  c  Y  r  .s%  as  to  gueps  at  n  in  Kutter's 
involved  equation,  and  also  much  simpler?  It  is  safe  to  assert  that  if 
it  were  not  for  the  disposition  of  so  many  minds  to  seek  the  trixth  in  a 
maze,  the  simj)le  form  oi  v  ==■  c  ^/  r  .s  would  never  have  been  departed 
from,  and  the  painstaking  ingenuity  that  has  produced  so  many  fan- 
tastic shapes  of  hydraulic  formulas  would  have  been  directed  to  de- 
termining the  value  of  c  under  the  varying  conditions  of  practice, 
much  to  the  advancement  of  the  empirical  science  of  hydraulics. 

T.  A.  Noble,  M.  Am.  Soc.  C.  E. — The  author  wishes  to  express  his  Mr.  Noble. 
satisfaction  with  the  interest  shown  m  this  discussion  by  those  whose 
extended  experience  makes  a  valuable  addition  to  the  jmper.  It  was 
very  far  from  his  intention  to  leave  any  impression  that  might  cast 
reflection  on  the  estimates  made  by  Mr.  "Williams  in  his  leport  to  the 
City  of  Seattle. 

In  view  of  the  data  that  were  obtained  at  no  small  trouble  and  ex- 
pense, covering  a  period  of  three  years  and  including  four  dry  seasons, 
it  is  rather  remarkable  that  Mr.  Williams  should  have  guessed  so  well. 

It  was  supposed,  at  the  time  the  paper  was  written,  that  during  the 
summers  of  1895  and  1896,  the  river  had  jjossibly  reached  the  lowest 
stage  it  ever  would,  though  the  comparatively  small  discharge  during 
the  spring  of  1898  would  indicate,  as  Mr.  Bering  has  suggested,  a  still 
lower  stage  during  the  following  summer.  The  experience  of  1898 
emphasizes  with  considerable  force  the  statement  in  the  jDaper  that, 
"  No  record  of  the  discharge  of  a  stream  is  of  much  value  unless  it 
covers  a  series  of  years."  The  lowest  point  reached  at  Clifford  Bridge, 
September  19th,  1898,  was  72  cu.  ft.  per  second,  as  against  138  cu.  ft. 
per  second  on  October  31st,  1895.  This  is  such  a  radical  difference  that 
it  becomes  a  matter  of  vital  importance.  The  year  1898  seems  to  have 
been  one  of  unusually  low  water  along  the  whole  Pacific  Coast. 

Though  the  complete  record  of  the  flow  at  Clifford  Bridge  during 
this  summer  is  not  available,  yet  the  flow  from  Cedar  Lake,  the  record 
of  which  is  complete  since  July  1st,  indicates  that  the  average  flow 
during  the  dry  season  was  not  much  less  than  in  1896  on  account  of 
rains  in  October  as  shown  in  Fig.  5. 

Gaugings  and  a  record  of  the  gauge  height  near  the  outlet  of  Cedar 
Lake,  about  15  miles  above  Clifford  Bridge,  on  Cedar  Elver,  have  been 
iept  since  July  1st,  1898. 
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Mr.  Noble.  The  gauge  height  at  Clifford  Bridge  was  kept  for  some  timeafter 
July  1st,  in  order  that,  if  possible,  a  comparison  could  be  made  with 
the  dischax'ge  at  Clifford  Bridge  during  previous  years.  The  two 
curves  of  low  water  seem  to  follow  each  other  in  a  general  way,  but 
without  much  regularity.  The  drainage  area  at  Cedar  Lake  is  ap- 
proximately 80  square  miles,  and  at  Clifford  Bridge  143  square  miles. 
The  relative  flow  at  the  two  places,  from  July  1st  to  September  19th, 
is  shown  in  Table  No.  5. 

TABLE  No.  5. 


Gaugings  at 

Cedar  Lake. 

Corresponding  Discharge  at 
Clifford  Bridge. 

Date. 

Cubic  feet  per 
second. 

Cubic  feet  per 
second  per 
square  mile. 

Cubic   feet  per 
second. 

Cubic  feet  per 
second  per 
square  mile. 

July  1st 

357 
243 

110 
46 

4.46 
3.04 
1.83 
0.58 

510 

207' 
84 

3.56 

October  1st 

July  25th 

i!45 

September  13th . . . 

0.59 

Comparative  Discharge  at  the  Two  Places  at  Different  Stages  for 

THE  Same  Area. 


July  1st. 

July  25th. 

September  13th, 

Clifford  Bridge 

1.00 
1.43 

1.00 
1.26 

1.00 

Cedar  Lake 

0.98 

It  should  be  explained  that  during  June,  July,  August  and  Sep- 
tember there  was  practically  no  rain,  and  the  weather  was  warm  over 
the  entire  drainage  area.  It  will  be  noticed  that  the  discharge  grad- 
ually decreases  until  about  the  first  of  August,  after  which  time  the 
snow  in  the  mountains  being  practically  gone,  the  discharge  comes 
almost  wholly  from  springs  and  seepage.  As  the  snow  accumulates 
mostly  in  the  upper  portion  of  the  area,  there  is  a  greater  projiortional 
discharge  in  the  uj^per  portion  of  the  valley  during  the  spring  and  the 
early  part  of  the  summer  until  the  snow  is  gone,  when  the  discharge 
for  the  same  area  becomes  practically  the  same.  There  are  times, 
however,  Avhen  it  is  raining  in  the  lower  portion  of  the  area  and  snow- 
ing in  the  upper  portion,  and  then  the  discharge  per  square  mile  in 
the  lower  portion  is  likely  to  be  greater  than  that  in  the  upper  por- 
tion. This  ratio  of  discharge  in  different  portions  of  the  area  is  con- 
stantly changing,  being  influenced  by  the  amount  and  distribution  of 
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the  rain  and  snow  ami  by  the  temperature.     At  no  time  is  the  com-  Mr.  Noble. 
bination  of  these  influences  exactly  the  same,  except  in  midsummer, 
when  the  discharge  comes  entirely  from  springs  and  seepage. 

At  times,  when  there  is  an  unusual  amount  of  snow  on  the  ground 
there  comes  a  warm  wind  and  rain,  when  the  run-off  becomes  enor- 
moxis,  producing  floods  of  a  magnitude  unknown  in  any  other  j^art  of 
the  United  States  on  an  equal  area. 

Ignorance  of  these  conditions  has  led  to  mistakes  in  practically 
every  railroad  location  in  the  Sound  country,  and  is  now  giving  seri- 
ous trouble  to  an  engineer  who  is  putting  in  a  water-power  j^lant  in 
this  vicinity  and  has  located  the  tail  race  too  low. 
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Fig.  5. 
The  author  had  no  intention  of  drawing  any  general  conclusions  as 
to  the  application  of  Kutter's  formula  from  the  particular  conditions 
prevailing  in  these  discharge  measurements  any  more  than  to  point 
out  the  danger  of  using  any  formula  for  calculating  the  discharge  in 
streams  of  this  class.  It  is  not  always  feasible  or  possible  to  take 
meter  measurements,  but  it  is  nearly  always  possible  to  take  sub. 
merged  float  measurements,  which,  if  care  is  taken  in  selecting  a  local- 
ity where  the  cross-section  is  comparatively  even  for  a  short  distance 
the  current  slow,  and  the  floats  submerged  close  to  the  bottom,  a 
fairly  acciirate  measurement  can  be  obtained.  The  difiiculty  in  ob- 
taining accurate  data  for  calculation  by  Kutter's  formula  is  often  as 
great  and  sometimes  greater  than  it  is  to  take  a  submerged  float  meas- 
urement, and  it  has  the  further  disadvantage  of  leaving  the  element 
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Mr.  Noble,  of  the  cLai'acter  of  the  streani  to  be  judged  by  the  engineer.  This 
may  also  be  said  regarding  the  estimation  of  run-off  from  precijiita- 
tion.  It  is  generally  easier,  and  far  more  satisfactory,  to  take  meas- 
urements from  the  stream  itself,  particularly  in  a  broken  and  uneven 
drainage  basin.  It  would  be  necessary  in  a  rough  country  to  keep 
records  at  an  almost  infinite  number  of  places,  to  determine  the  average 
rainfall,  since  it  changes  very  radically  in  comparatively  short  dis- 
tances. When  a  record  of  i^recipitation  has  been  kept  for  some  time 
in  a  certain  drainage  area,  it  becomes  of  considerable  value  to  compare 
it  with  discharge  measurements  taken  simultaneously  at  the  same 
jioint. 
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STAVE  PIPE-ITS   ECONOMIC    DESIGN    AND    THE 
ECONOMY  OF  ITS  USE. 


By  Arthur  L.  Adams,  M.  Am.  Soc.   C.   E. 
Presented  October  19th,  1898. 


WITH  DISCUSSION. 

Thi,s  subject,  in  one  or  more  of  its  aspects,  has  been  briefly  dwelt 
upon  at  various  times  by  engineers  when  describing  the  construction 
of  hydraulic  works  involving  the  use  of  pressure  pipe  of  this  type,  but 
a  full  discussion  of  the  various  practical  and  economic  problems  in- 
volved in  stave  pipe  design  and  the  determination  of  its  real  place 
among  standard  types  of  pressure  pipe  have  yet  to  appear. 

The  great  dissimilarity  in  practice  indicates  either  a  very  general  un- 
familiarity  with  the  principles  involved,  or  much  difference  of  opinion 
regarding  their  practical  application.  That  there  is  need  for  a  better 
understanding  of  these  principles,  and  of  the  correct  limitations  of 
the  jjipe's  successful  and  economic  usefulness,  is  apparent  from  the 
not  infrequent  partial  disasters  that  have  attended  its  attempted  con- 
struction. That  it  has  to-day  a  place  among  standard  types  of  con- 
struction is  apparent  from  the  remarkable  degree  of  favor  accorded  it 
by  everyone  who  has  used  it  intelligently.  The  author  firmly  believes 
that  the  ixse  of  this  pipe,  now  chiefly  confined  to  the  West,  is  destined 
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to  receive  greatly  extended  recognitiou  among  engineers  everywhere. 
These  considerations  beem  sufficient  to  warrant  this  presentation, 
which  it  is  hojjed  may  serve  as  a  starting  point  for  the  evolution  of 
clearer  and  more  generally  accepted  ideas  relative,  not  alone  to  the  de- 
tails of  stave  pipe  design,  but  to  the  broader  question  of  the  compara- 
tive economies  of  different  classes  of  i^ressure  pipes,  a  question  which 
recent  important  experiments  and  accumulating  experience  have  done 
much  to  reojjen  to  argument. 

In  treating  the  subject,  the  author  proposes  to  discuss  the  essential 
considerations  in  stave  pipe  design,  and  some  of  the  practical  and 
theoi'etieal  limitations  imposed.  Supplemental  thereto  a  study  will  be 
made  of  several  existing  pipe  lines,  with  reference  to  the  details  and 
factors  used  and  the  attendant  results,  and,  finally,  having  outlined  a 
simple  and  rational  method  for  making  a  safe  and  economic  design,  a 
comparison  will  be  made  between  the  leading  types  of  large  pressure 
pijjes,  with  reference  to  their  relative  first  cost,  durability  and  carry- 
ing capacity,  from  which  the  author  will  seek  to  determine  the  x-ightf  ul 
place  of  stave  pipe  in  economic  construction. 

General  Type  Considered. — At  first  stave  pipe  was  principally  used 
for  penstocks  in  the  development  of  water  power,  and  was  built  in 
tapered  sections  which  were  put  together  after  the  manner  of  stove 
pipe.  AjDparently  the  first  instance  of  its  use  as  a  continuous  tube  was 
the  6-ft.  penstock  constructed  at  Manchester,  N.  H.,  in  1874,  by  J.  T. 
Fanning,*  M.  Am.  Soc.  C.  E.,  and  which  is  still  doing  service.  Round 
bands  were  suggested  by  certain  letters  patent  as  early  as  1880,  and 
were  first  put  into  extensive  use  at  Denver,  Colo.,  in  1883.  The  partic- 
ular type  referred  to  in  this  jjaper  is  that  which  has  been  thus  evolved, 
/.  e.,  a  pipe  which  is  built  continuously  in  the  trench,  of  staves  of 
variable  length,  having  radial  edges  and  concentric  faces,  and  which 
are  held  together  by  metal  bands  usually  circular  in  section  and  spaced 
in  accordance  with  the  strains  imposed. 

Essential  Considera/ions. — In  a  former  contribution  by  the  authorf 
the  following  appears: 

"  In  the  design  of  a  wood-stave  jsipe,  the  following  essential  points 
require  consideration:  The  staves  must  be  thin  enough  to  secure  com- 
plete saturation  and  to  deflect  readily  to  the  degree  of  curvature  em- 
ployed,   and    they    must    be    thick  enough  to    prevent    undesirable 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  vi,  p.  69. 

t  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxvi,  p.  15. 
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percolation  through  them.  The  bands  must  be  of  such  size  that,  when 
spaced  to  secure  the  desired  factor  of  safety  against  rupture,  there  will 
at  the  same  time  be  no  sensible  flexure  in  the  staves  and  no  destruc- 
tive crushing  of  the  liber  beneath  the  bands.  While  fulfilling  these 
conditions,  the  proportion  between  the  thickness  of  the  staves  and 
the  strength  and  spacing  of  the  bands  must  be  such  that  the  swelling 
of  the  wood  will  not  produce  injurious  strains  upon  what  might  other- 
wise be  a  properly  proportioned  band." 

These  are  the  primary  considerations,  generally  stated,  which 
should  govern  all  design,  and  the  author  believes  it  will  be  profitable 
to  consider  them  more  in  detail,  to  point  out  some  of  the  limitations  of 
each,  the  effect  of  certain  practical  considei-ations,  and  to  reduce  the 
whole  to  a  form  easy  of  application.  To  do  this  intelligently  a  clear 
conception  of  the  nature  and  source  of  the  probable  strains  set  up  in 
the  construction  and  operation  of  the  pipe  should  first  be  secured. 

Sources  of  Strahis. — The  tensile  strains  resisted  by  the  bands  are 
from  three  sources: 

(1)  The  initial  strain,  caused  by  cinching  during  construction. 

(2)  The  pressure  of  the  water  within  the  pipe. 

(3)  The  swelling  of  the  staves. 

The  strains  resisted  by  the  staves  are  from  the  following  sources: 

(1)  The  compressive  strain  of  the  bands. 

(2)  The  compressive  strain  upon  the  edges  of  adjoining  staves. 

(3)  The  pressure  of  the  water  i^roducing  flexure  of  the  staves  be- 
tween adjacent  bands. 

The  fact  that  most  of  these  strains,  in  their  amount  and  importance, 
are  more  or  less  inter-dependent  makes  any  separate  determination 
of  the  values  of  each  impossible  without  coincidently  determining  the 
nature  of  their  mutual  relation  under  some  variety  of  conditions. 

Cinching  Strain. — It  is  evident  that  to  secure  a  pipe  that  shall  be 
tight,  or  practically  so,  when  first  filled,  the  initial  cinching  strain  must 
be  sufficient  in  extent  to  produce : 

(1)  A  degree  of  compression  per  square  inch  between  the  staves  in 
excess  of  the  water  pressure. 

(2)  A  uniform  contact  between  the  band  and  all  the  staves;  and,  if 
the  band  be  of  a  curved  section,  a  sufficient  indentation  of  the  wood  to 
afford  the  band  a  bearing  contact  sufficient  in  area  to  resist,  without 
further  immediate  indentation,  the  water  pressure  incident  to  the  fill- 
ing of  the  pipe. 


30  ADAMS    ON    STAVE    PIPE. 

If  these  couditious  are  uot  eomi)lied  with,  it  is  evident  that  leakage 
must  ensue  until  the  necessary  compression  between  the  staves  and 
the  reqviisite  area  of  contact  betAveen  the  bands  and  the  staves  are  sup- 
l^lied  by  the  swelling  of  the  staves.  Whether  this  will  be  accomplished 
or  not  will  depend  chiefly  ujion  the  degree  of  seasoning  of  the  staves. 
That  the  question  of  seasoning,  in  securing  tight  pipe,  so  long  as  the 
staves  are  uniform,  is  relatively  unimportant,  with  projser  cinching, 
seems  to  follow  logically,  though  the  practical  diflftculties  incident  to 
the  handling  and  shipping  of  the  heavier  green  timber,  and  the  i^re- 
vention  of  unequal  shrinkage  before  getting  the  staves  into  the  pipe, 
usually  make  the  at  least  partially  seasoned  timber  the  cheaper.  It 
is  apparent  that  back- cinching,  to  a  degree  i:)roduciug  greater  com- 
l^ressive  strain  than  is  essential  to  the  foregoing  requirements,  is  to  that 
extent  a  needless  addition  to  the  cost  of  erection  and  to  the  band  strain. 

Owing  to  the  friction  Ijetween  the  band  and  the  staves,  and  the 
compressive  resistance  of  the  wood,  it  is  not  found  possible  in  practice 
to  secure  the  necessary  area  of  contact,  under  a  band  of  curved  sec- 
tion, by  screwing  up  the  nut  at  the  end  of  the  band,  without  inducing 
an  objectionably  high  strain.  To  accomplish  the  result  in  a  better 
way,  the  band  is  usually  poundecl  vigorously  at  all  points,  simul- 
taneously with  the  use  of  the  wrench.  Such  a  j^ractice  is  highly 
commendable,  and  is,  indeed,  usually  essential,  as  it  tends  to  secure 
the  proper  degree  of  indentation  with  the  least  residual  tensile  strain 
in  the  baud  consistent  with  securing  the  reqiiisite  compression  between 
the  staves. 

Just  what  this  cinching  strain  usually  amounts  to  in  practice 
depends  upon  the  character  of  and  manner  of  doing  the  work,  and  is, 
probably,  as  variable  as  individual  judgment.  So  far  as  it  influences 
the  success  of  the  work,  it  is  believed  that  the  foregoing  sufficiently 
elucidates  the  principles  involved.  In  its  efl:ect  upon  the  final  work- 
ing strain  in  the  band,  it  Avill  be  shown  later  that  a  considerable  varia- 
tion in  practice  within  reasonable  limits  will  not  seriously  affect  the 
final  stresses,  though,  doubtless,  much  affecting  the  temiJorary  strains 
resulting  on  first  filling. 

Water  Pressure  Strain. — The  strains  induced  in  the  bands  by  the 
pressure  of  the  water  within  the  pipe  are  susceptible  of  positive  deter- 
mination, and  the  methods  of  their  solutiou  are  too  well  known  to 
require  any  explanation  herein. 
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Strains  from  Swelling  Staves. — The  additional  strain  caused  by  tlie 
swelling  of  the  staves  is  less  easily  determined,  and  exists  only  within 
certain  limitations  of  the  first  afore-mentioned  source  of  strain. 

With  swelling  timber,  as  with  a  steel  spring,  it  may  be  assumed  that 
its  expanding  power,  at  a  given  stage  of  comj^ression,  well  within 
what  may  be  called  its  elastic  limit,  is  measured  by  the  load  necessary 
to  produce  that  comjaression  under  like  conditions.  Hence  its  ulti- 
mate swelling  power,  at  a  given  degree  of  compression,  is  the  measure 
of  its  ultimate  resisting  i^ower.  It  is  also  influenced  by  the  hardness, 
direction  of  grain  and  such  other  conditions  as  affect  the  compressive 
strength  of  timber  within  its  elastic  limit  when  resisting  forces  applied 
across  the  grain. 

If,  then,  the  staves  in  a  pipe  be  compressed  laterally  by  the  bands 
beyond  the  elastic  limit  of  the  saturated  wood,  there  can  be  no  swell- 
ing of  the  staves,  and,  consequently,  no  increased  strain  in  the  bands 
from  this  source.  On  the  contrary,  a  farther  compression  of  the  fiber 
will  result  until  an  equilibrium  is  established  between  the  compressive 
strain  and  the  sustaining  jaower  of  the  wood;  and  if  the  sustaining 
power  is  below  that  reqiiisite  to  resist  the  pressure  of  the  water,  leak- 
age will,  of  course,  result.  If,  on  the  other  hand,  the  comjaression  is 
less  than  the  corresponding  swelling  power  of  the  wood  at  the  degree 
of  seasoning  and  compression  used,  the  timber  will,  by  swelling  when 
wet,  develop  an  expanding  power  in  some  degree  commensurate  with 
the  ratio  of  the  volume  of  the  uncompressed  saturated  stave  to  the 
same  when  compressed  to  the  degree  used,  which  expansion,  of  course, 
induces  a  correspondingly  increased  strain  in  the  bands. 

Thus  there  results  the  rather  remarkable  condition  that  if  the 
l)ands,  in  resisting  the  water  pressure,  tax  the  staves  beyond  the  limit 
of  their  permanent  compressive  strength,  they,  by  yielding,  release 
the  excess  of  pressure,  and  leakage  results,  and  if  less  is  required  of 
them  than  the  most  they  are  capable  of  giving,  they  force  the  band  to 
take  all  the  additional  strain  they  are  capable  of  exerting. 

The  amount  of  additional  band  strain  thus  indixced  is,  doubtless, 
neai'ly  proportional  to  the  area  of  contact  between  the  staves  in  the 
straight  seams.  The  avoidance  of  unnecessary  thickness  of  staves,  too 
long  band  spacing  and  the  providing  of  such  an  area  of  contact  be- 
tween band  and  staves  as  shall  give  a  necessary  working  compressive 
strain  on  the  wood,  not  in  excess  of  its  permanent  resisting  strength, 
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and  only  sufficiently  below  it  to  make  certain  of  its  not  being  exceeded 
by  the  water  pressure,  ought,  therefore,  to  commend  themselves  as 
l^rime  essentials  in  avoiding  unnecessary  and  perhaps  injurious  band 
strains. 

The  special  advantage  of  a  band  of  curved  section,  as  contrasted 
with  a  fiat  band,  now  becomes  apparent,  since  by  the  former  a  perma- 
nent compressive  strain  on  the  wood  is  provided  sufficient  to  produce 
a  decided  indentation.  The  swelling  of  the  staves,  if  any,  and  the 
accompanying  increased  compressive  strains  beneath  the  band  are, 
therefore,  followed  by  a  farther  yielding  of  the  wood;  and  as  the  band 
strain  increases,  the  area  of  contact  with  the  band  is  increased  by  the 
farther  indentation  of  the  stave.  With  flat  bands  the  unit  compressive 
strain  beneath  them  would  almost  invariably  be  so  low  that  no  inden- 
tation of  the  stave  would  result,  and  swelling  strains  to  the  full  exert- 
ing power  of  the  wood  would  be  added  to  the  band  strains  arising 
from  other  sources. 

Temporary  and  Permanent  Strains. — From  the  foregoing  it  is  appa- 
rent that  the  strains  resulting  on  first  filling  a  pipe,  or  temporaiy 
strains,  the  necessary  strains  for  permanently  maintaining  a  tight  pipe 
under  pressure,  and  the  permanent  strains  finally  obtaining  in  the  pipe, 
are  three  sejjarate  and  usually  very  different  quantities. 

The  permanent  strains  in  a  band  are  evidently  the  sum  of  those 
induced  by  final  cinching,  by  water  pressure  and  by  the  transverse 
swelling  of  the  staves,  subject  only  to  the  limitations  imposed  by  the 
sustaining  and  swelling  power  of  the  wood  when  saturated. 

The  band  strain  necessary  to  maintain  a  tight  pipe  has  already 
been  shown  to  be  that  requisite  to  resist  the  water  jjressure  and  to 
maintain  any  excess  of  pressure  between  the  staves  needed  to  prevent 
seam  leaks. 

The  temporary  strain  induced  on  first  filling  is  the  sum  of  the  final 
cinching  strain,  the  water  pressure  strain,  and  that  arising  from  a 
swelling  of  the  staves,  subject  only  to  the  limitation  of  the  immediate 
compressive  resistance  of  the  wood  u.nder  the  baud  while  still  dry,  a 
limit  scarcely  reached  in  any  proper  construction. 

Strains  Resisted  by  Staves. — In  discussing  the  causes  and  eff'ects  of 
band  strains,  the  character  of  the  strains  resisted  by  the  staves  have 
been  made  sufficiently  plain.  Their  further  influence  ujion  projjer 
design  will  be  considered  later. 
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Equa/ions    Deduced. — In    the   following   equations  for  the  varioiis 
strains  previously  considered,  the  symbols  used  are  as  follows : 
R     =  the  internal  radius  of  the  pijie, 
r       =  the  radius  of  the  band  section, 
t       =  the  thickness  of  the  stave,  in  inches, 
/      =  the  spacing  of  the  bands  between  centers,  in  inches, 
S      =  the  tensile  strain  in  the  band,  in  pounds, 
s       =;  the  safe  tensile  strain  in  the  band,  in  jaounds, 
£J     =  the  permanent  sustaining  power  of  the  staves,  in  pounds  per 

lineal  inch  of  band, 
E'    =  the  temporary  sustaining  power  of  the  staves,  in  pounds  per 

lineal  inch  of  band, 
JB"  =  the  permanent  swelling  force  of  the  wood,  in  pounds  per 

square  inch, 
E'"  =  the  temporary  swelling  power  of  the  wood,  in  pounds  per 

square  inch, 
P     —  the  water  pressure,  in  pounds  per  square  inch, 
e       =  the  safe  bearing  power  of  the  wood,  in  pounds  per  lineal 

inch  of  band, 
X     =  the  additional  strain  induced  by  band  cinching,  in  pounds. 
The  least  band  strain  induced  by  water  pressure  =  P  Ef. 
The  permanent  band  strain  induced  by  swelling  of  staves  =/;:  E". 
The  least  permanent  strain  in  the  bands  of  a  tight  pipe  =  (X -}-  P 

o 

Bf  +  /t  E")  <RE.      Assuming  X  =  -t  f  P  and   substituting,  we 

have   as   the   least    permanent   value    of    S    for   a   tight    pipe    when 
P  <  E" 

S  =  (^Pf  {R-h^t)  +  E"lf^<z(R-{-t)  E. (1) 

If  P  >  E",  this  becomes 

-^=   ((/?  +  |,)P/)<  {R-^t)E. (2) 

which  is  the  equation  generally  used  for  computing  band  strains  for 
all  pressures. 

The  least  temporary  band  strain  induced  on  first  filling  a  tight 
pipe  =-{X-{.PRf  +  E"tf)<c(R  +  t)E.  Assuming,  as  before, 
^=^if^^T^d  substituting,  we  have  as  the  temporary  value  of  S 
when  P  <  E'" 

S=  (p/{R^^t)  +  E-t^^<:  {R  +  f)E (3) 
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If  /*  >>  E'",  the  equation  becomes  the  same  as  (2). 
From  the  foregoing  the  following  equations,  convenient  for  appli- 
cation, are  deduced: 
When  P  <  E": 

I  s 

f  =  ^ ,  when  s  <i{R  +  I)  e {A) 

[R  +  ^t)  P  +  E"  t 
f  ^ {R  +  t)e ^  ^^^^  s>{R  -^t)e (B) 

(/^-^-|o  P  +  E"  t 

When  P>  E" 

f  = \ ,  when  s<{R  +  t)e {G) 

{R  +  \  i)  P 

^__CK_-M)_^  when.s>  [R  +  t)  e (D) 

{R  +  lt)P 

Inasmuch  as  stave  pipe  has  never  been  used  under  heads  where 
the  value  of  P  is  greater  than  E" ,  and  since,  as  will  subsequently  be 
seen,  it  has  not  as  great  economic  value  under  such  heavy  pressures 
as  under  lighter  pressures,  formulas  {C)  and  [D)  have  no  great  jiracti- 
oal  value. 

Sustaining  and  Swelling  Power  of  Staves. — In  order  to  make  use  of 
the  formulas,  it  is  essential  that  proper  values  be  determined  for  E, 
E',  E",  E'"  and  e. 

Since  the  sustaining  power  of  wood  depends  upon  the  degree  of  its 
permissible  compression  within  the  limit  of  its  ultimate  crushing,  it 
is  necessary  to  assume  some  fixed  amount  of  stave  indentation  as  a 
basis  for  determining  the  probable  values  of  E  and  E' .  Now,  in  the 
actual  process  of  pipe  construction,  it  has  been  frequently  observed 
that  an  indentation  equal  to  one-eighth  of  the  radius  of  a  round  band, 
of  such  sizes  as  other  considerations  render  suitable  for  use,  may  be 
produced  in  the  stave  without  breaking  the  fiber,  while  any  consider- 
able increase  beyond  this  point  has  a  destructive  effect.  This  degree 
of  indentation  gives  a  bearing  surface  equal  to  half  the  diameter  of 
the  band,  which  may,  therefore,  be  assumed  as  the  greatest  that  can 
'be  safely  obtained. 

In  considering  contact  between  cylindrical  bodies  and  the  flat  sur- 
faces of  saturated  timber,  the  ordinary  experimental  data  relating  to 
flat  surfaces  having  uniform  contact  with  seasoned  timber  are  scarcely 
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applicable.  The  scarcity  of  experiments  influencing  the  correct  de- 
termination of  these  values  is  to  be  regretted,  and  it  is  hoped  will  yet 
be  supplied.  So  far  as  the  author  is  aware,  the  only  experiments 
available  are  those  made  by  D.  C.  Henny,*  M.  Am.  Soc.  C.  E.  A 
further  study  of  these  experiments  forecasts  some  interesting  conclu- 
sions regarding  these  values,  and  additional  light  is  derived  from  a 
study  of  the  strains  prevailing  in  some  existing  pipe  lines,  as  will  be 
shown  later.  The  experiments  mentioned  were  made  to  determine 
the  swelling  power  of  Oregon  "yellow  fir."  For  convenience,  the 
results  are  here  given: 

TABLE  No.  1. 


cb 

a 

> 

g.S  . 

>  S  o 

cS 

5~ 

Q 

o 

4) 


.9  3$ 


m  >  [B 


S  >  ft  o 
g  a  t-  oi'^ 


Remarks. 


Feb.  37 


Feb.  27 

4  750 

288 

Mch.  1 

3  400 

206 

4 

2  950 

179 

7 

2  750 

167 

9 

2  525 

153 

"   12 

2  525 

153 

Apr.  16 


"   12 

100 

7 

"   18 

1  500 

91 

"   21 

1  500 

91 

"   36 

1  550 

94 

"   26 

500 

30 

April  1 

1  000 

61 

4 

1  050 

64 

8 

1  100 

67 

"   11 

1  200 

73 

"   15 

1  235 

74 

16 

450 

33 

"   17 

1  400 

85 

"   20 

1  900 

115 

"   34 

3  000 

131 

"   37 

1  975 

130 

May  1 

1  900 

115 

4 

1  9(X) 

115 

7 

1  800 

109 

"   10 

1  700 

103 

"   13 

1  600 

97 

"   17 

1  600 

97 

Section  1,  No.  1 
456 
328 
284 
265 
343 
243 

Section  1,  No.  2 

10 

145 

145 

150 

Section  1,  No.  3, 

48 

97 
101 
106 
116 
118 

Section  2,  No.  1. 
43 
135 
183 
192 
190 
183 
183 
173 
164 
154 
154 


1  830 
1  310 
1  140 
1  060 
970 
970 


38 
580 
580 
600 


190 
390 
400 
430 
460 
470 


170 
540 
730 
770 
760 
730 
730 
690 
660 
630 
620 


Initial  strain  before  sub- 
merging. 


Band  was   loosened    to 
the  strain  indicated. 


Band  again  loosened  to 
the  strain  indicated. 


Band  was  first  drawn  to 
tension  of  5  000  lbs. 
and  then  released  to 
the  strain  indicated. 


In  these  experiments  the  bands  were  depressed  into  the  staves  until 
a  bearing  of  half  their  diameter  was  secured. 
*  "The  Astoria  City  Water- Works. "    Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxvi,  p.  18. 
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In  experiment  No.  1,  with  Section  1,  it  will  be  noted  that  a  very- 
heavy  initial  tension  was  put  upon  the  band,  which  the  staves  after 
being  immersed  could  no  longer  withstand.  The  resulting  compressive 
strain  resisted  by  the  staves  under  the  bands  accordingly  fell  from  456 
lbs.  per  lineal  inch  of  band  to  243  lbs.,  or  970  lbs.  per  square  inch  of 
contact,  at  which  point  it  became  stationary,  although,  the  staves  being 
at  this  stage  probably  incompletely  saturated,  a  longer  immersion 
might  have  resulted  in  jjroducing  a  slightly  lower  permanent  resist- 
ance. The  result  is  strongly  indicative  that  this  pressure  of  970  lbs. 
per  square  inch  of  contact  is  the  utmost  that  in  practice  can  be 
permanently  resisted  by  the  staves,  while  the  subsequent  experiments 
show  that  hard  cinching  and  a  full  band-bearing  as  here  used  are 
necessary  to  secure  nearly  so  high  a  resistance.  As  will  be  noticed 
later,  the  correctness  of  this  general  deduction  is  practically  substan- 
tiated by  a  study  of  some  existing  structures. 

The  resulting  compression  between  the  staves  in  this  experiment  is 
seen  to  be  153  lbs.  per  square  inch,  a  figure  from  which  no  conclusion 
can  be  drawn  other  than  that  the  diminution  in  the  band  strain  must 
have  been  the  result  of  yielding  under  the  band  rather  than  between 
the  staves. 

Experiments  Nos.  2  and  3,  with  the  same  section,  in  which  the 
band  tension  was  successively  released  by  means  of  the  wrench,  are 
evidently  well  calculated  to  determine  the  approximate  swelling  force 
exerted  laterally  by  the  staves.  The  staves  having  been  compressed 
for  a  period  of  two  weeks,  to  a  degree  under  the  bands  well  beyond 
the  limit  of  the  wood's  elasticity,  it  is  evident  that  a  very  slight 
lengthening  of  the  band  by  unscrewing  the  nut  would  be  immediately 
followed  by  the  jDartial  or  entire  release  of  the  band  strain.  The  amount 
of  lengthening  necessary  for  this  result  would  doubtless  be  but  a  small 
fraction  of  the  total  of,  say,  S%  expansion  by  swelling,  of  which  the 
kiln-dried  timber  would  be  capable,  if  unresisted.  The  staves,  not 
having  been  compressed  laterally  in  the  previous  experiment  to  a 
degree  in  any  way  calculated  to  impair  their  swelling  j^ower,  were 
then  free  to  develop  this  power  to  the  utmost  within  the  limit  of  their 
ultimate  bearing  power  under  the  bands,  which  the  previous  experi- 
ment has  shown  to  be  not  less  than  970  lbs.  per  square  inch  of  con- 
tact. On  the  first  release  of  the  band  strain.  No.  2,  the  staves 
developed  a  swelling  power  of  94  lbs.  per  square  inch.     On  the  second 


_,i 
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release,  they  developed  a  power  of  74  lbs.  per  square  iuch,  the  power 
diminishing,  as  might  be  expected,  as  the  wood  gradually  approached 
its  full  unrestrained  proportions. 

The  experiment  with  Section  2  is  a  confirmation  of  the  results 
derived  from  experiment  2,  on  Section  1.  The  pipe  was  but  slightly 
cinched  after  the  band  had  been  brought  to  a  proper  bearing.  The 
staves  developed  a  swelling  power  of  97  lbs.  per  square  inch,  a  figure 
almost  identical  with  that  given  by  the  previous  experiment,  while 
the  resulting  compressive  strain  under  the  band,  620  lbs.  per  square 
inch,  was  not  such,  under  the  prevailing  conditions,  as  to  be  likely  to 
cause  a  degree  of  yield  which  would  vitiate  the  result. 

So  far  as  they  go,  these  experiments  demonstrate:  (1)  That  with  a 
proper  degree  of  comi3ression,  an  ultimate  permanent  pressure  of  be- 
tween 900  and  1  000  lbs.  per  square  inch  of  contact  with  the  band  may 
be  resisted  by  the  staves.  This  result  may  probably  be  conservatively 
assumed  to  obtain  in  the  use  of  all  bands  of  prevailing  sizes,  and  of 
staves  without  regard  to  the  character  of  the  grain.  (2)  That  the 
ultimate  swelling  power  of  the  wood  may  be  taken  at  from  90  lbs.  to 
100  lbs.  per  square  inch  of  stave  contact  in  straight  seams,  a  result 
which  may  be  effected  by  the  spacing  of  the  bands,  since  a  slight  flex- 
ure in  the  stave  would  tend  to  release  the  strain  instead  of  transmit- 
ting it  to  the  bands.  (3)  That  for  water  pressures  exceeding,  say,  94 
lbs.  per  square  inch,  and  jjrobably  considerably  less,  hard  cinching, 
rather  than  the  swelling  of  the  wood,  must  be  relied  upon  to  maintain 
a  tight  pipe.  (4)  That  the  yielding  quality  of  the  wood  renders  hard 
cinching  not  seriously  objectionable  in  its  effect  upon  final  band 
strains  with  the  usual  factors  of  safety  in  the  band  and  when  working 
reasonably  close  to  the  limit  of  ultimate  compressive  resistance  of  the 
stave. 

As  it  has  been  observed  in  practice  that  the  difference  in  the  com- 
pressive strength  of  Douglas  fir  and  redwood  is  not  very  great,  when 
both  are  saturated,  for  present  jjurposes  no  distinction  will  be  made 
between  them. 

One  of  the  most  important  points  to  be  determined  from  the  fore- 
going is  the  maximum  value  for  e  which  can  be  used  with  entire  safety 
in  designing  a  pressure  pipe.  It  will  be  shown  later  that  pressures  as 
high  as  1  100  lbs.  per  square  inch  have  been  successfully  used  under 
favorable  conditions,  but  the  logical  conclusions  drawn  from  the  pre- 
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vious  discussion,  as  well  as  some  results  from  actual  experience  given 
later,  strongly  indicate  that  sucli  an  assumption  is  insufficiently  con- 
servative for  entii'ely  safe  construction.  With  thorough  compression 
of  the  bands  into  the  staves,  well-seasoned  lumber,  skilled  construc- 
tion and  entire  immunity  from  water-hammer,  it  would  seem  that  this 
value  should  not  be  taken  much,  if  any,  above  800  lbs.  per  square 
inch,  while  if  subject  to  any  considerable  fluctuations  of  pressure, 
or  to  doubtful  constructive  skill,  a  much  lower  figure  should  be  used. 

In  view  of  the  foregoing,  the  following  values  are  assigned  for  use 
in  the  formulas  previously  given : 

E  =  240  lbs.  for  i-in.  bands,  when  the  fiber  is  fully  compressed 
(960  lbs.  per  square  inch). 

E'    =  say  500  lbs.,  in  the  absence  of  any  experiment. 

E"  =  95  lbs.  for  12-in.  band  spacing.  Assumed  at  100  lbs.  for  all 
spacings. 

^'"  =  120  lbs.  for  12-in.  spacing.  Assumed  at  125  lbs.  for  all 
spacings. 

e      =  equivalent  of  800  lbs.  per  square  inch  of  band  contact  or  less. 

Determination  of  the  Proper  Size  and  Form  of  Band. — Before  making 
use  of  any  formula  for  the  determination  of  proper  band  spacings,  it 
is  necessary  to  determine  the  size  and  form  of  section  of  the  band 
that  will  most  economically  fulfill  the  requirements  of  any  par- 
ticular case  in  hand.  The  selection  will  be  influenced  by  the  follow- 
ing considerations  :  Bands  less  than  f  in.  in  diameter  are  not  suitable 
for  use  chiefly  because  of  torsional  weakness  and  difficulty  of  upsetting. 
An  increase  in  the  permissible  value  of  e  may  be  obtained  without  in- 
crease of  metal  section  of  band  by  using  an  oval  form,  which  can  be 
obtained  at  only  a  slight  increase  of  cost  above  the  rounds  of  similar 
weight.  The  price  per  pound  for  the  bands  is  less  for  the  heavier  than 
the  light  sections.  The  use  of  upset  rods  or  rolled  threads  is  always 
economical,  the  latter  being  usually  jsreferable  because  of  the  more 
perfect  workmanship.  The  heavier  the  bands  used,  the  fewer  to  be 
handled,  the  less  the  cost  for  both  material  and  labor,  and  the  better 
the  condition  of  the  band  section  for  resisting  corrosion,  though  the 
added  stiffness,  increasing  the  difficulty  of  placing,  will  in  the  larger 
sizes  partially  offset  these  advantages. 

Beferring  to  the  formulas  for  band  sjjacing,  it  is  seen  that  economy 
in  the  use  of  the  steel  requires  the  selection  of  a  band  of  such  sectional 
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area  that  if  possible  s  <i  {R  -{-  f)  e,  as  otherwise  it  is  necessary  to  use 
closer  spacing — more  steel— than  the  pressure  requires,  in  order  to 
secure  a  sufficiently  low  value  for  e. 

By  writing  s  =  (R  -}-  t)  e,  the  greatest  value  of  s  for  any  given  band 
section  that  can  be  used  consistently  with  a  desired  value  of  e,  may  be 
d'Ctermined  ;  and,  by  substituting  for  s  and  e  their  proper  values  cor- 
responding to  bands  of  various  standard  sizes,  the  limitations  of  the 
economic  use  of  each  may  be  ascertained,  thus: 

R+  f  =  —. 

e 

TABLE  No.  2. — Minimum  Sizes  of  Pipe  to  which  Speclfied  Bands 
AKE  Applicable  without  Exceeding  Values  of  650  Lbs.  and  750 
Lbs.  fok  e,  and  a  Factor  of  4  fob  the  Bands. 


Size  of  band. 


^_, 

^ 

u 

u 

^ 

D 

<D 

D 

9) 

P- 

o. 

ft 

a 

3  a 

u 

1^ 

22 

is 

■3  a 
ce 

P  a 

e 

and  pressure 

lineal  inch. 

ji_. 

i 

oa 

0; 

PQ 

m 

1  650  lbs. 

650  lbs 

122  lbs. 

13.5  ins. 

750  lbs. 

140  lbs. 

2  250    '• 

" 

142    " 

15.8   '• 

" 

164    " 

2  950    " 

" 

163    " 

18.1    " 

" 

187    " 

3  725    " 

" 

183    " 

20.4    '• 

" 

211    '' 

4  600    " 

" 

203    •' 

22.6   " 

" 

234    " 

6  600    " 

244    '' 

27.0    " 

281    " 

11.8  ins. 
13.7  " 
15.7  " 
17.65" 
19.6  " 
23.5  " 


A  factor  greater  than  4  must  therefore  be  used  in  the  steel  in  de- 
signing pipes  of  smaller  diameter,  if  bands  of  round  section  are  used 
and  the  specified  values  of  e  are  not  exceeded.  The  band  strains  to  be 
used  are  readily  determined  by  the  same  formula  as  before  indicated: 

s  =  (i?  +  /)  e. 

By  the  use  of  a  band  of  oval  section,  a  greater  bearing  surface  is 
secured  between  the  band  and  the  stave  with  the  same  degree  of  in- 
dentation, thus  i^ermitting  the  use  of  less  steel  for  given  values  of  e,  in 
designing  pipes  of  small  diameter.  For  this  reason  they  have  been 
already  introduced  and  used  by  the  Excelsior  Wooden  Pipe  Company 
of  San  Francisco  on  a  number  of  pipe  lines,  though  not  with  the 
economy  that  would  now  attend  their  use,  as  manufacturers  have 
not  until  recently  been  able  to  quote  the  present  figures,  which  are 
but  little  in  excess  of  the  price  for  rounds.  These  conditions  will 
doubtless  lead  to  the  general  use  of  the  oval  section  on  small  pipes. 
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TABLE  No.  3. — Greatest  Band  Stbains  Consistent  with   Hpecieied 
"VaiiUes  of  e  FOR  Pipes  op  Small  Dl\meter. 
t-in  Eoimd  Bands. 


Internal 
diameter 
of  pipe. 

External  radius  of 
pipe 

£  o 

to  j2 
«)  to 

Factor  of  safety  in 
band. 

.s 
(=  Assumed  work- 
ing strain  in  band). 

Factor  of  safety  in 
baud. 

e  =  122  lbs.  =  650  lbs.  per  square  inch. 

e  =  140  lbs.  =  750  lbs.  per  square  inch, 

12  ins 

16    "  

20    "  

24    "  

r.i 

9.2 
11.2 
13.5 

866  lbs. 
1  122    " 
1  366    " 
1  650    " 

T.6 
5.9 
4.8 
4.0 

994  lbs. 

1288    '■' 
1  568    '^ 

6.1 
5.1 
4.2 

though  any  departures  from  the  round  sections  have  the  disadvantage 
of  exposing  a  greater  relative  surface  to  corrosive  action. 

The  use  of  an  oval  section  in  the  above  cases  would  result  in  a 
saving  of  about  17^  of  the  steel. 

Band  Spacing. — If,  in  accordance  with  the  foregoing,  the  j^roper 
band  is  determined  for  a  pipe  of  given  diameter,  formulas  A,  B,  C  or 
D  mav  at  once  be  api^lied  to  determine  the  jjroper  spacing  for  any 
pressure  and  thickness  of  stave,  the  selection  for  any  case  being  made 
by  observing  the  relative  values  first  of  P  and  E,  and  then  of  s  and 
{R  -\-  t)  e  as  indicated. 

Requisite  Thickness  of  Staves. — The  staves  must  be  thick  enough  to 
prevent  percolation,  to  resist  undue  flexure  with  the  band  spacing 
adopted,  to  prevent  cracking  or  crushing  of  quarter-sawed  staves 
during  the  process  of  cinching,  and  to  afford  the  rigidity  necessary  to 
support  the  weight  of  the  pipe  and  back-filling  without  distortion. 
With  these  requirements  met,  the  staves,  for  reasons  already  men- 
tioned, should  be  as  thin  as  possible. 

Concerning  percolation  through  the  staves,  the  author  has  already 
pointed  out*  that  in  using  Douglas  fir  under  pressures  in  excess  of 
about  80  ft.,  vertical  and  bastard-grained  staves  only  should  be  used  if 
the  staves  are  If  ins.  in  thickness.  With  this  precaution  trouble  will 
not  arise  from  the  splitting  of  quarter-sawed  staves,  and  this  thickness 
will  be  found  sufficient  to  resist  percolation  at  any  pressure  under 
The  Astoria  City  Water- Works,"  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxvi,  p.  16. 
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whicli  stave  pipe  is  likely  to  be  used.     Redwood,  being  of  finer  grain, 
gives  no  trouble  from  percolation. 

If  tlie  size  of  band  for  a  pipe  of  any  diameter,  and  the  band  spac- 
ings  are  determined  in  accordance  with  the  foregoing  principles, 
staves  of  the  thicknesses  generally  used  will  always  be  safe  against 
undue  flexure  if  a  maximum  spacing  of  12  ins.  is  adopted.  This  is  by 
no  means  an  extravagant  assumption,  since  this  sj^acing  will  in  most 
cases  correspond  to  a  very  light  water  pressure  ;  and  if,  when  design- 
ing a  pipe  of  large  diameter,  the  band  selected  gives  an  unnecessarily 
large  factor  under  light  heads  with  this  spacing,  a  smaller  band  can 
be  substituted. 

A  practical  consideration  that  has  influenced  very  properly  the 
thickness  of  staves  is  the  desirability  of  running  them  from  timbers 
of  commercial  sizes.  Thus,  by  enabling  the  mill  to  dispose  of  rejected 
pieces,  a  lower  price  on  the  accepted  staves  is  secured. 

The  practice  of  running  staves  from  2  ins.  x  6  ins.,  2  ins.  x  8  ins.  and 
3  ins.  X  8  ins.  stock  nearly  meets  the  economic  requirements  of  pipes 
designed  in  accordance  with  the  foregoing  principles,  which  require- 
ments will,  however,  be  a  little  better  conserved  if  l^j  ins  x  4  ins.  is 
used  for  the  smallest  diameters,  and  if  the  odd  size  21  ins.  x  8  ins.  is 
used  for  certain  sizes  of  pipes  intermediate  betAveen  those  for  which 
2  ins.  X  6  ins.  and  3  ins.  x  8  ins.  are  used. 

A  careful  study  of  these  and  other  requirements  points  to  the  fol- 
lowing as  being  for  general  use  the  best  balance  between  the  various 
influences  affecting  the  relation  between  pipe  diameters  and  the  size  of 
stock  for  staves,  the  staves  in  each  case  being  run  as  thick  as  the 
stock  will  permit. 

Pipe  diametei's.  Stock  sizes. 

10  ins.  to  14  ins.  1^  ins.  x  4  ins. 

16    "    to  48    "  2      "    x6    " 

50    "    to  58    "  2^    "    x8    " 

60    "    to  72    "  3      "    X  8    " 

Siiggei^ted  Standard  Designs. — Assigning  to  e  the  conservative  value 
of  — ;-,  the  author  ventures  to  submit  the  following  table  of  pipe  dia- 
meters, with  the  corresponding  stave  thicknesses  and  character  of 
bands,  which,  for  the  conditions  of  general  use,  he  believes  to  be  as 
closely  in  accord  with  sound  theory  and   economic  practice  as  the 
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present  state  of  investigation  and  the  constructive  art  will  permit. 
The  economy  of  these  relative  jjroportions  is  somewhat  influenced  by 
the  locality  of  construction  as  affecting  freight  rates  on  the  steel,  but 
not  to  a  serious  extent.  Should  it  be  desired  to  use  some  other  value 
of  e  than  that  designated,  the  needed  modification  can  be  made  with- 
out difficulty. 

TABLE  No.  4. — Economic  Propoetions  for  Pipe  Design. 


Nominal 
diame- 
ter. 

Stock  sizes  for 
staves. 

Thickness  of 
finished 
staves. 

Economic 
sizes  of 
bands. 

.9 

(Perma- 
nent band 
strain). 

Factor  of 

safety  in 

band. 

e 
(Maximum 
values 
_650 

Inches. 
10 
12 
14 

lA  ins.  X  4  ins. 
1|    "     x4     •• 
U    "    x4     " 
2     "    x6    " 
2      "    x6    " 
2     "    x6    " 

2     "    x6    " 
2     "    x6    " 
2     "    x6    " 
2      "    x6    " 
2     "    x6    " 
2     "    x6    " 

2  "    x6    '' 
2J    "    x8    " 

3  "    x8    " 
3     "    x8    " 
3      "    x8    " 

It's  ins. 
lA    " 

n   '• 
ig   " 

n   " 

2*      " 

C3 

TB  X  is  in. 
fi  in. 

i  " 

A    " 

g 

1  ;: 

i 

a    " 

Lbs. 
1  2.55 
1  475 
1  650 
1  650 
1650 
1650 

1508 
1650 

1  650 

2  673 
2  950 
2  950 
2  950 
4  600 
4  600 
6  600 
6  600 

5.26 

4.47 

4 

4 

4 

4 

4.4 

4 

4 

4.4 

4 

4 

4 

4 

4 

4 

4 

Lbs. 

207 
207 

16 

18 

20 

23 
24 

122 

27 

30 
36 

162 

42 

48 

54 

60 

66 

72 

Some  Existing  Pipe  Lines. — In  seeking  data  concerning  pipe  lines 
already  constructed,  the  author  has  encountered  the  customary  indif- 
ference or  unwillingness  on  the  part  of  many  engineers  to  divulge 
anything  pertaining  to  the  methods  used  in  the  design  and  execution 
of  the  work  done  under  their  supervision.  Especially  has  this  been 
the  case  where  defects  of  a  serious  nature  have  developed.  This  is,  of 
course,  a  matter  for  regret,  since  the  most  instructive  deductions  can 
usually  be  made  from  such  experiences.  Chief  among  the  works 
which  might  well  be  made  instructive  to  the  profession,  but  which, 
for  the  above  reasons  is  necessarily  here  omitted,  is  the  36-in.  and  38- 
in.  outfall  sewer  of  the  City  of  Los  Angeles,  Cal. 

On  the  other  hand,  the  author  wishes  to  express  his  grateful  recog- 
nition of  the  courtesies  extended  by  those  engineers  whose  apprecia- 
tion of  the  advantage  to  the  profession  arising  from  a  general  discus- 
sion of  engineering  subjects  by  engineers  has  largely  made  possible 
the  preparation  of  this  paper. 


ADAMS    ON    STAVE    PIPE. 


43 


I    Number. 
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Date  of  construction. 


Nominal  diameters,  in  inches. 
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Length,  in  miles. 


Thickness  of  staves,  in  inches. 
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Kind  of  wood. 
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Character  of  round  bands. 


Ultimate  strength  of  bands. 
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Maximum  band  spacing,  in 
inches. 


Feet  pressure,  for  maximum 
spacing.  


Minimum   band  spacing,  in 
inches. 


Feet  pressure,  for  minimum 
spacing. 
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Band    strain,    from    water 
pressure. 
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Resulting  band  factor,  neg- 
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!    Resulting    factor   in   band, 
I  including  all  strains. 
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Least  band  pressure  on 
staves  per  linear  inch,  to 
maintain  tight  pipe. 


Least  band  pressure  on 
staves  per  square  inch,  to 
maintain  tight  pipe. 
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Total  probable  band  press- 
ure on  staves,  per  linear 
inch  of  band. 


Total  probable  band  press- 
ure on  staves,  per  square 
inch  of  band  contact. 
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From  the  many  existing  lines  of  stave  pipe,  thirteen  have  been 
selected  for  presentation.  These,  it  "will  be  observed,  cover  a  great 
range  in  both  size  and  pressure,  and  are,  with  some  exceptions,  char- 
acteristic of  the  best  practice  prevailing  at  the  time  of  their  construc- 
tion. There  would  be  little  gained  by  pointing  out  defects  in  design 
of  a  nature  that  would  be  patent  to  any  intelligent  j^erson,  for  which 
reason  no  cognizance  is  taken  of  any  existing  pipes  that  have  been 
designed  or  constructed  foolishly. 

Table  No.  5  is  believed  to  be  self-explanatory,  in  the  light  of  the 
previous  discussion.  The  chief  interest  centers  in  the  unit  band 
strains  used,  the  probable  effect  upon  these  of  the  swelling  of  the 
staves,  and  the  necessary  compressive  resistance  of  the  staves.  Of 
the  latter,  it  is,  of  course,  the  maxima  that  are  chiefly  interesting,  and 
these,  for  reasons  already  made  plain,  are  usually  found  in  pipes  of 
relatively  small  diameter,  since  with  large  pipes  other  considerations 
lead  to  lower  values. 

Band  Strains. — The  factors  used  in  i^roportioning  the  spacing  of 
the  bands,  disregarding  the  strains  induced  by  swelling  timber,  vary 
from  1.64  to  10.45,  while  the  factors  resulting  from  a  consideration  of 
the  stave  swelling  range  from  1.30  to  4.35.  This  latter  source  of 
strain  seems  to  have  received  no  recognition  in  design  previous  to 
1895.  Since  then,  in  the  design  of  the  Los  Angeles,  Astoria,  Hollister, 
and  West  Los  Angeles  lines,  a  modification  of  the  band  spacings  has 
been  made  for  the  lighter  pressures  in  recognition  of  this  strain,  it 
being,  however,  ignored  where  spacings  became  less  than  8  or  9  ins. 
On  the  St.  Paul  line,  while  it  is  not  clear  what  general  assumptions 
have  governed  the  determination  of  the  band  spacings,  the  factors 
used  indicate  some  recognition  of  these  strains. 

Any  estimate  of  the  strains  due  to  the  swelling  of  the  staves  under 
the  maximiim  band  spacing  on  the  Provo  line  has  been  omitted. 
With  a  spacing  of  18  ins.,  under  a  water  pressure  of  25  ft.,  a  stave  1| 
ins.  in  thickness,  a  pressure  of  211  lbs.  per  lineal  inch  of  band  on 
the  stave  and  a  lack  of  hard  cinching  during  construction,  it  is 
doubtful  if  such  a  strain  exists  to  a  considerable  extent. 

The  Caldwell,  or  Phillis,  pipe  was  a  bold  design  as  originally  built, 
and  is  the  only  instance  known  to  the  author  where  pipe  bands  were 
actually  broken  by  the  swelling  of  the  staves.  The  lumber  used  wsLb 
Eastern  Oregon  mountain  pine.     A  factor  of  only  1.64  seems  to  have 
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been  used  in  the  spacing.  On  the  assumption  that  stave  swelling 
produced  a  strain  of  100  lbs.  per  square  inch  of  contact  between  staves, 
doubtless  a  very  conservative  assumption  with  this  class  of  lumber 
and  size  of  pipe,  and,  with  6-in.  band  spacing,  this  band  factor  would 
be  reduced  to  1.30.  Uncertainty  as  to  the  exact  tensile  strength  of 
the  material  used,  and  the  use  of  a  shoe  of  the  type  shown  in  Fig.  4, 
with  the  probable  resulting  bending  of  the  band  under  the  nuts,  is 
doubtless  suflBcient  to  account  for  the  rupture  of  the  bands.  The 
pipe  being  of  large  diameter,  the  pressure  of  the  bands  upon  the 
staves  is  seen  to  have  been  too  low  to  admit  of  any  further  yielding 
and  consequent  partial  release  of  the  band  strain. 

The  difficulty  with  this  pipe  is  said  to  have  been  remedied  by 
largely  increasing  the  number  of  bands. 

Compresftive  Besistance  of  Staves. — The  highest  degree  of  compress- 
ive strain  between  band  and  staves  necessary  for  the  maintenance  of 
a  tight  pipe  seems  to  have  been  used  at  Provo,  and  the  results  are 
instructive.  The  ready  stripping  of  threads,  due  to  poorly  fitting 
nuts,  prevented  very  hard  cinching  and  satisfactory  compression  of 
the  stave  under  the  band.  The  timber  was  seasoned  redwood.  The 
pipe,  a  gravity  line,  is  closed  at  the  end,  feeding  direct  into  the  dis- 
tributing system.  The  use  of  hydrants  for  street  sprinkling  and  other 
purposes  caused  a  water  pressure  at  the  lower  end  of  the  line  of  30 
lbs.  above  the  normal,  making  the  pressure  on  the  staves  290  lbs.  per 
lineal  inch  of  band  under  these  conditions,  or  1  550  lbs.  per  square 
inch  of  band  contact.  Leakage  resulted,  which  was  remedied  by  the 
addition  of  more  bands,  the  re-cinching  of  those  already  on,  and  the 
partial  jsi'evention  of  the  water  hammer.  The  upper  section  of  the 
pipe,  not  being  subject  to  any  considerable  increase  of  pressure  over 
that  for  which  it  was  banded,  has  never  given  any  trouble,  although, 
as  seen  in  Table  No.  5,  the  normal  pressure  on  the  staves  cannot  be 
much  less  than  211  lbs.  per  lineal  inch  of  band,  or  1  126  lbs.  per  square 
inch  of  band  contact. 

On  the  Butte  line  the  staves  are  depended  upon  to  afford  a  perma- 
nent resistance  against  band  pressure  of  not  less  than  900  lbs.  per 
square  inch  of  band  contact.  At  Astoria  the  fir  staves  must  resist  a 
pressure  of  not  less  than  832  lbs.  per  square  inch  of  band  contact. 
Both  of  these  lines  have  been  unqualifiedly  successful,  and  the  latter 
line,  especially,  has  from  the  first  been  remarkably  free  from  leakage. 
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The  former,  by  reason  of  the  yet  uncomijleted  condition  of  the  storage 
dam  which  impounds  the  water  from  which  the  pipe  is  supplied,  has 
not  as  yet  been  subjected  to  quite  all  the  pressure  for  which  it  is 
designed. 

In  the  smaller  pipes  subsequently  built  at  Hollister,  it  will  be 
noticed  that  nauch  additional  steel  has  been  used  in  order  to  secure 
greater  area  of  contact  between  bands  and  staves  and  thus  keep  the 
necessary  compressive  resistance  of  the  staves  down  to  from  600  lbs. 
to  686  lbs.  per  square  inch.  At  the  present  time  the  same  results 
might  be  achieved  at  considerably  less  cost  by  the  use  of  bands  of 
oval  instead  of  round  section.  Such  a  course,  as  tending  toward  con- 
servatism in  a  matter  still  somewhat  imperfectly  understood,  and  to 
partially  nullify  the  effects  of  any  lack  of  skill  in  erection,  the  author 
believes  to  be  advisable  in  the  design  of  the  smaller  sized  pipes. 

Construction  Details. — There  are  but  few  structural  details  of  this 
class  of  pipe  in  which  there  is  sufficient  diversity  of  practice  to  war- 
rant any  discussion.  The  butt-joint  connection,  the  use  or  omission 
of  a  bead  along  one  edge  of  the  stave  and  the  coupling  shoes  are  the 
only  features  which  need  be  considered. 

Butt  Joints. — It  is  the  prevailing  practice  to  make  the  connection 
between  the  butts  of  connecting  staves  by  the  snug  insertion  of  a  No. 
12  or  No.  14  steel  plate  about  \\  ins.  in  width,  and  slightly  longer 
than  the  width  of  the  stave  where  inserted,  the  plate  extending 
slightly  less  than  half  its  width  into  each  stave.  For  this,  in  some 
light  pressure  pipes,  a  plate  of  hard  wood  has  been  substituted.  The 
objection  to  the  latter  lies  chiefly  in  the  difficulty  of  forcing  a  thick 
wooden  plate  into  the  adjoining  stave  sufficiently  to  secure  a  tight 
joint,  and  in  securing  the  perfect  fit  evidently  necessary.  The  existing 
general  preference  for  the  steel  plate  seems  justified. 

Plain  vs.  Beaded  Edges.— The  use  of  a  bead  on  the  stave  edge  is  in 
no  way  vital  to  the  success  of  a  pipe,  but  seems  to  have  strong  points 
in  its  favor.  If  there  is  any  irregularity  in  the  edge  of  the  plain 
stave,  with  band  spacing  suitable  for  light  or  moderate  pressures, 
it  is,  not  possible  and  certainly  not  economical  to  induce  sufficient 
fiber  compression  between  the  staves  to  take  up  those  irregularities. 
By  the  use  of  a  slight  bead  the  compression  due  to  cinching  is  at  first 
concentrated  on  the  bead,  forcing  it  into  the  adjoining  stave,  and 
thus  a  uniformly  tight  seam  is  secured  without  the  necessity  for  hard 
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compression  throughout  the  entire  contact  area  that  exists  in  the 
other  case.  Furthermore  the  bead  adds  nothing  to  the  cost  of  the  stave. 
Coupling  Shoes.— ^ot  a  little  ingenuity  has  been  displayed  in  devis- 
ing various  types  of  coupling  shoes,  the  desideratum  being  that  with 
the  least  cost  the  shoe  should  have  an  ultimate  strength  fully  equal 
to  that  of  the  band,  a  sufficient  and  properly  distributed  bearing 
surface  to  withstand  high  strains  without  destructive  crushing  of  the 


Fig.  1. 

stave,  and  admit  of  speedy  placing  and  the  ready  adjustment  of  the 
band  during  erection. 

In  the  following  discussion  only  those  types  are  considered  which 
have  separate  characteristics,  are  the  better  of  those  that  have  been 
"Used,  and  which  have  already  met,  or  promise  to  receive,  the  greatest 
measure  of  favor. 

The  various  devices  in  use  may  be  divided,  with  reference  to  the 
manner  of  engaging  the  two  ends  of  the  band,  into  two  general  classes: 
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(1)  Those  whicli  engage  the  two  ends  in  the  same  transverse  ijlane, 
as  Figs.  1,  2  and  3. 

(2)  Those  in  which  the  ends  are  not  engaged  in  the  same  trans- 
verse plane,  as  Fig.  4. 

With  reference  to  the  materials  of  which  they  are  made,  they  may 
be  divided  into: 

(1)  Forged,  as  Figs.  2  and  3. 

(2)  Cast,  as  Fig.  4. 

(3)  Malleable  cast,  as  Fig.  1. 

Fig.  1  is  the  general  form  of  shoe  that  has  been  largely  used  by 


B-B 
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Fig.  2. 


the  Excelsior  Wooden  Pipe  Company,  it  having  been  evolved  from, 
and  being  representative  of,  the  type  originally  used  in  the  construction 
of  the  Denver  lines.  When  properly  proportioned  this  shoe  admir- 
ably meets  all  the  requirements  for  a  successful  connection,  and,  in 
the  economical  distribution  of  the  material  for  resisting  the  strains 
imposed,  leaves  little  to  be  desired,  and  possesses  much  to  be  admired. 
It  will  be  noted  that  by  the  use  of  a  T-head,  the  nut  is  brought  as 
low  as  possible  and  the  resulting  moment  tending  to  produce  rotation 
about  the  center  of  the  head  bearing  is  thus  reduced  to  a  minimum. 
The  length  and  ample  bearing  of  the  shoe  enables  the  stave  to  resist 
this  tendency  without  destructive  pressure.     The  flanges  on  the  lower 
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edges  of  the  ribs  afford  bearing  surface  and  give  sufficient  sectional 
area  to  resist  the  tensile  strains  here  existing,  while,  in  height,  the  ribs 
are  well  proportioned  for  transmitting  the  band  strain  to  the  staves. 
It  will  also  be  observed  that  the  shoe  permits  the  use  of  the  wrench 
without  interference.  The  feature  most  open  to  criticism  in  the 
design  of  this  shoe  as  generally  used  is  the  tendency  to  make  insufficient 
allowance  in  its  weight  for  the  deterioration  of  such  light  sections. 

Fig.  2  shows  a  shoe  of  a  type  that  has  been  used  in  a  number  of 
instances  on  the  Pacific  Coast.  It  is  a  forging  from  a  rolled  section. 
The  length  of  the  shoe  in  the  rear  of  the  nuts  is  wholly  insufficient  to 
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Fig.  3. 


afford  the  proper  degree  of  bearing  surface  on  the  stave  to  safely 
resist  the  pressure;  and  the  bending  strain  at  X,  due  to  the  depressing 
of  the  end  of  the  shoe  into  the  stave,  can  only  be  resisted  by  the  use 
of  a  much  heavier  section  than  the  tensile  strains  alone  require,  or 
prevented  by  giving  more  supporting  area  under  the  ends.  It  is 
evident  that  the  fault  lies  in  the  use,  unavoidable  here,  of  low  con- 
necting ribs. 

Fig.  3  is  a  forged  shoe  of  the  type  used  on  the  recently  completed 
work  of  the  Pioneer  Power   Company,  at   Ogden,  Utah.*     In  most 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxviii,  p.  270. 
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respects  the  form  is  evidently  well  calculated  to  economically  resist 
the  imposed  strains  ;  but,  as  it  necessitates  the  use  of  a  welded  loop 
on  one  end  of  the  band,  the  shoe  can  scarcely  compare  in  economy 
with  some  of  the  other  types^  unless  indeed  the  relative  cost  is  very 
largely  influenced  in  its  favor  by  royalty  charges  on  the  other  shoe. 
The  details  of  the  loop  bearing  on  the  shoe  are  perhaps  not  beyond 
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Fig.  4. 


the  suggestion  of  improvement,  as  there  appears  to  be  possible  lack 
of  stiffiiess,  which,  however,  could  be  readily  remedied  by  the  in- 
sertion between  loop  and  shoe  of  a  properly  designed  compression 
lug  of  cast  iron.  It  would  also  appear  that  the  cost  of  the  entire  shoe 
might  be  somewhat  reduced  without  sacrifice  in  other  respects  by 
modifying  the  design  and  making  it  of  cast  or  malleable  cast  iron, 
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for  which  materials  the  general  shape  of  the  shoe,  as  affecting  the 
strains,  seems  especially  well  suited. 

Fig.  4  is  of  that  class  which  does  not  engage  the  ends  of  the  band 
in  the  same  vertical  plane.  There  being  thus  introduced  a  cross-strain 
or  tendency  to  rotate  about  an  axis  vertical  to  the  center  of  the  shoe, 
it  is  difficult  to  devise  a  really  efficient  and  economical  design.  It  is 
usually  sought  to  resist  this  tendency  to  rotate  by  means  of  the 
friction  aflforded  by  long  tapering  extensions  at  each  end  of  the  cast- 
ing, as  shown  in  the  figure.  This  device  has  generally  been  found 
insufficient,  hard  cinching  usually  resulting  in  the  breaking  of  these 
tail  pieces  or  the  rotating  of  the  shoes  and  the  bending  of  the  bolts. 
These  difficulties  can,  of  course,  be  corrected  by  the  use  of  very  large, 
heavy  shoes,  but  with  a  resulting  cost  much  beyond  that  of  other  and 
better  types. 

This  general  style  of  casting  seems  to  have  been  the  first  used  in 
«tave  pipe  construction  with  round  bands,  and  has  had  quite  an  ex- 
tended application  in  recent  years,  though  frequently  with  unsatis- 
factory results.  The  particular  design  shown  is  that  adopted  in 
the  construction  of  the  Los  Angeles  outfall  sewer,  in  the  spring  of 
1894,  and  in  detail  is  the  best  of  its  class  that  the  author  has  seen. 
Nevertheless,  it  was  found  to  possess  the  defect  inherent  in  the  type, 
many  having  broken  under  the  reputed  light  and  insufficient  cinching 
used  on  that  work. 

In  conclusion,  it  appears  to  the  author  that  the  essential  require- 
ments of  a  safe  and  economical  design  are  much  more  successfully 
worked  out  in  Fig.  1  than  in  any  of  the  others. 

The  Economy  of  its  Use. 

In  seeking  to  set  forth  clearly  the  real  place  of  stave  pipe  in  the 
economic  design  of  pressure  conduits,  it  is  essential  that  the  conspicu- 
ous types  of  pressure  pipes  be  briefly  considered  in  their  relation  to 
each  other.  The  three  varieties  to  be  contrasted  herein  are  stave, 
steel  riveted  and  cast  iron.  Welded  pipe  is  omitted  because  it 
occupies  an  intermediate  ijosition  and  does  not  affect  the  merits  of  the 
discussion.  The  comparison  will  be  confined  to  the  pressure  range  of 
practical  stave  pipe  construction,  say,  not  to  exceed  100  lbs.  per  square 
inch,  for  which  pressure  each  of  the  classes  mentioned  may  be  assumed 
to  be  wholly  applicable. 
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Previous  to  argument,  the  relative  standing  of  each,  in  the  order  of 
their  merit  with  reference  to  the  three  most  important  qtialifi cations, 
the  author  tabulates  as  follows : 

Cost.  Life.  Capacity. 

(1)  Stave.  Cast  iron.  Stave. 

(2)  Steel  riveted.  Stave.  Cast  iron. 

(3)  Cast  iron.  Steel  riveted.  Steel  riveted. 

If  the  quantity  of  water  delivered,  instead  of  the  diameter,  were 
made  the  common  basis  of  comparison  for  the  difl'erent  pipes,  the 
capacity  would  become  a  function  of  the  cost,  an  aspect  briefly  con- 
sidered later.     For  the  present  they  will  be  considered  separately. 

Life. — Passing  temporarily  over  the  question  of  cost  and  taking  up 
that  of  comparative  duration,  it  may  be  assumed  at  once  that  cast  iron 
should  be  given  the  preference,  not,  indeed,  as  conclusively  proven  by 
experience,  but  as  in  every  way  probable,  since  the  bands  of  the  stave 
pipe,  excepting,  perhaps,  in  the  larger  sizes,  can  hardly  be  supposed 
to  have  the  same  degree  of  endurance  as  the  thick  shell  of  the  cast 
pipe. 

In  placing  steel  pipe  last,  the  author  is  influenced  by  the  following- 
considerations  : 

(1)  That  the  sheet  metal  from  which  the  pipe  is  made  is  of  less 
thickness  than  the  diameter  of  the  stave  pipe  bands,  a  condition  al- 
ways existing  in  steel  pipes  subject  to  the  comparatively  light  press- 
ures here  considered. 

(2j  That  the  same  degree  of  care  in  securing  jjrotection  of  the  metal 
can  be  exercised  in  both  cases. 

(3)  A  properly  proportioned  steel  pipe  does  not  eventually  fail  by 
bursting,  but  by  the  formation  of  rust  holes  and  attendant  leakage. 
The  considerable  multiplication  of  such  holes  soon  causes  a  new  pipe 
to  be  cheaper  than  the  necessary  repairs,  even  though  i^^o  of  the 
metal  in  the  pipe  may  be  as  good  as  when  it  was  laid.  The  life  of 
a  steel  pipe,  therefore,  without  material  error,  may  be  said  to  be 
measured  by  the  life  of  its  weakest  spots. 

(4)  The  life  of  a  stave  pipe  is  probably  determined  by  the  life  of 
the  bands;  and  the  life  of  the  bands  is  determined,  not  by  the  time 
necessary  for  the  formation  of  local  rust  jjits,  even  though  they  are 
very  deep,  but  by  the  reduction  of  the  entire  band  section  until  its 
ultimate  strength  is  exceeded  by  the  strain,  say  to  less  than  one-fourth 
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its  original  section.  It  seems  clear  that  the  time  requisite  to  accom- 
plish this  degree  of  deterioration  in  the  sections  generally  used  must 
be  many  times  that  necessary  to  accomplish  the  destruction  of  the 
average  riveted  pipe. 

(5)  Many  cases  on  the  Pacific  Coast  might  be  cited  where  steel  pipes 
of  the  lighter  gauges,  though  carefully  coated  with  asphalt,  and  ap- 
parently laid  with  reasonable  care,  have  rusted  through  in  from 
eighteen  months  to  three  years,  and  have  been  shortly  afterward  aban- 
doned. 

(6)  Should  a  perfect  and  reasonably  cheap  protective  coating  for 
steel  ever  be  discovered — an  improbable  assumption — no  single  class  of 
pijae  would  have  much  advantage  over  another  in  respect  to  dura- 
bility. 

(7)  It  is  certainly  in  accord  with  universal  engineering  experience 
to  assume  that  wood,  under  the  conditions  prevailing  in  proper  stave 
pijje  construction,  is  jaractically  indestructible  ;  and  much  direct  evi- 
dence in  harmony  with  this  assumjition  has  accumulated  from  the 
many  instances  of  the  use  of  stave  and  other  wood  pijie  constructions 
which  have  done  service  in  America  for  from  twenty  to  fifty  years, 
and,  so  far  as  the  author  knows,  without  an  instance  of  failure  from 
the  decay  of  the  staves,  where  the  proper  requirements  were  observed. 

The  author  does  not  wish  to  be  understood  as  intimating  that  steel 
pipe  is  always  short  lived.  On  the  contrary,  many  such  pipes,  where 
conditions  are  favorable,  have  been  doing  excellent  service  for  many 
years;  but  the  exceptions  are  instructive,  and  fully  vindicate  the 
position  assumed  by  many  engineers,  who,  for  permanent  Avork,  have 
recognized  the  necessity  for  a  considerable  thickness  of  metal,  inde- 
pendent of  the  demand  for  a  siifficient  factor  of  safety  against  burst- 
ing, and  who  accord  little  favor  to  pipes  of  very  light  gauge. 

The  foregoing  seems  to  the  author  to  be  ample  justification  for 
placing  the  stave  pipe  far  in  advance  of  the  steel  pipe  for  durability 
under  average  conditions. 

Capacitt/. — The  past  few  years  have  added  much  to  the  knowledge 
of  engineers  concerning  the  carrying  capacity  of  cast-iron  and  particu- 
larly of  steel  riveted  pipes  of  various  diameters.  The  relative  values 
of  each  class,  as  economic  carriers  of  water,  are  better  understood  than 
ever  before.  The  general  result  of  experiments  on  cast-iron  pipe  has 
been  to  prove  the  value  of  the  Kutter  formula  in  showing  the  value  of 
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"«"  to  be  practically  a  constant  for  any  given  diameter,  degree  of 
surface  roughness  and  velocity  of  flow.  In  the  case  of  steel  riveted 
pipes,  whether  built  with  cylindrical  or  taper  joints,  with  few  excep- 
tions, the  results  indicate  that  the  Kutter  formula  does  not  apply, 
and  that  for  the  ordinary  ranges  of  velocities,  say  from  3  to  6  ft.  per 
second,  for  clean  pipes  the  coefficient  c  in  the  formula  v  =  c  y^  r  s 
is  nearly  a  constant  for  all  diameters;  and  if  the  experiments  on 
the  Portland,  Ore.,  j^ipes  are  excepted,  becaiise  of  inability  to  har- 
monize them  with  others,  it  is  not  clear  that  the  results  are  much 
affected  by  variations  in  the  thickness  of  the  plates,  within  the  range 
of  ordinary  usage. 

These  experiments,  while  still  leaving  much  to  be  desired  before  at- 
tempting the  formulation  of  any  positive  rules  for  the  exact  pre- 
liminary determination  of  the  rate  of  flow  in  any  given  case,  a  result 
which  the  author  believes  will  not  be  accomplished  save  within  limits 
of  very  narrow  apiilication,  because  of  the  usual  unavoidable  lack  of 
similarity  in  the  influencing  physical  conditions,  are  sufficient  to  ac- 
complish the  complete  upsetting  of  many  previously  conceived  ideas 
regarding  the  laws  of  flow  in  this  class  of  pipe.  The  failure  of  "  c  " 
to  increase  as  the  diameter  increases  places  the  value  of  this  pipe, 
as  an  efficient  water  carrier,  at  least  for  the  large  diameters,  in  a  rela- 
tion to  pipes  having  approximately  smooth  interiors,  totally  different 
from  that  which  it  has  previously  been  accorded. 

The  dissipation  of  the  once  prevalent  idea  that  wrought-iron  and 
steel  pipes  are  not  subject  to  tuberculation,  and  the  later  conviction 
that  in  this  resjject  they  have  little  or  no  advantage  over  cast  iron 
have  also  done  much  to  make  i^ossible  a  better  estimate  of  the  real 
merits  of  this  pipe. 

The  author  regrets  that  as  yet  so  few  experimental  determinations 
of  the  carrying  capacity  of  stave  pipe  under  varying  conditions  of 
diameter  and  grade  have  been  made.  In  engineering  literature  he 
knows  of  only  four  in  which  the  proper  conditions  have  been  sufficiently 
observed  to  render  them  worthy  of  mention.     They  are  as  follows : 

(1)  An  experiment  on  a  long  line  of  30-in.  pipe  at  Denver,  briefly 
mentioned  by  J.  D.  Schuyler,  M.  Am.  Soc.  C.  E.*  In  this  case,  with 
a  mean  velocity  of  about  2.33  ft.  per  second,  the  derived  value  of  n 
in  the  Kutter  formula  was  found  to  be  a  little  less  than  0.010. 


*  Transactions,  Am.  Soc.  C.  E.,  Vol.  zxxi,  p.  144. 
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(2)  An  experiment  by  the  author  on  an  18-in.  pipe,*  in  which  the 
value  of  c  in  V  =  cV~>^s  was  found  to  be  133,  with  a  mean  velocity  of 
3.60  ft.  per  second.  This  result  corresponds  to  a  value  for  «  in  the 
Kutter  formula  of  a  little  less  than  0.010. 

(3)  Experiments  on  a  section  of  the  6-ft.  pipe  of  the  Pioneer 
Electric  Power  Company,  at  Ogden,  Utah,  described  by  Charles  D. 
Marx,  M.  Am.  Soc.  C.  E. ;  Charles  B.  Wing,  Assoc.  M.  Am.  Soc.  C.  E. , 
and  Leander  M.   Hoskins.f     These  results  gave  average  values  for  c 

as  follows : 

Velocity  in  feet  per  second.  CoiTesponding  value  of  c. 

1.0  100 

2.0  115 

3.0  122 

4.0  125 

The  values  of  n  corresponding  to  these  results  vary  from  0.012  to 
0.015. 

(4)  Experiments  by  the  author  on  a  line  of  14-in.  pipe,  J  in  which 
the  values  of  c  averaged  as  follows : 

Velocity  in  feet  per  second.  Corresponding  value  of  c. 

0.7  102 

1.2  111 

1.5  112 

The  values  for  u  corresponding  to  these  results  vary  from  0.0107 

to  0.011.     The  velocities,  it  will  be  observed,  are  all  very  low. 

The  results  of  the  Ogden  experiments  are  so  much  at  variance  with 
the  great  preponderance  of  credible  evidence  bearing  on  this  ques- 
tion, that,  without  wishing  to  seem  to  discredit  them,  the  author  awaits 
further  verification  of  the  results  before  accepting  them  as  con- 
clusive. 

In  Table  No.  6,  showing  the  values  of  c  in  the  formula  v  =  c  V  r  s, 
for  clean  pipes  of  staves,  cast-iron  and  lap-riveted  steel,  the 
values  for  the  stave  and  cast-iron  pipes  are  deduced  by  aid  of  the 
Kutter  formula,  assuming  a  value  for  n  of  0.010  for  the  stave  pipe, 
of  0.011  for  the  cast  pipe  when  clean,  and  0.014  when  tuberculated,  a 
velocity  of  flow  of  3  ft.  per  second  being  assumed.  For  steel  riveted 
pipes  the  uniform  value  of  111  is  given  for  c  for  all  diameters,  and  a 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxvi,  p.  26. 
t  Transactions,  Am.  Soc.  C.  E.,  Vol.  xl,  p.  471. 
t  Transactions,  Am.  Soc.  C.  E.  Vol.  xl,  p.  54.5. 
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deduction  of  20j^  is  made  iu  determining  tlie  values  for  tuberculated 
pipes. 

The   calculated  values   are   for   the  most  part  interpolated   from 
tables,  and  may  be  slightly  in  error  in  the  last  figure. 

TABLE  No.  6. — Values  of  c  in  the  Formula  v  ^  c  -[/  r  s  for  Clean 
Pipes  of  Wood,  Cast  Iron  and  Riveted  Steel  ;  and  for  Cast- 
Iron  and  Steel  Riveted  Pipes  when  Tuberculated. 


Stave. 

Cast  Iron. 

Steel  Riveted. 

Diameter. 

n  =  0.010. 

Clean. 
n  =  0.011. 

Rough. 
n  =  0.014. 

77 

86 

92 

97 
101 
105 
108 
110 
112 
114 
116 

Clean. 

Rough. 

12 

119 
130 
137 
143 
148 
152 
154 
157 
159 
161 
163 

105 
117 
123 
129 
133 
136 
138 
140 
142 
144 
146 

89 

18          

89 

24 

89 

30 

89 

36 

89 

42 

89 

48 

89 

64 

89 

60 

89 

66 

89 

72 

89 

If  the  discharging  capacity  of  the  stave  pipe  of  any  diameter  is 
designated  as  100,  the  relative  discharging  capacities  of  the  others 
will  be  as  follows: 


TABLE   No.  7. — Relative   Discharging   Capacities   of  Pipes,  Stave 
Pipe  Being  Taken  as  100. 


Stave. 

Cast  Iron. 

Steel  Riveted. 

Clean. 

Rough. 

Clean. 

Rough. 

12 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

88 
90 
90 
90 
90 
90 
90 
89 
89 
90 
90 

65 
66 
67 
68 
69 
69 
70 
70 
70 
71 
71 

93 
86 
81 
78 
75 
73 
72 
71 
70 
69 
68 

74 

18 

69 

24 

65 

30 

62 

36 

60 

42 

58 

48 

54 

58 
57 

60 

56 

66 

55 

72 

54 
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If  the  premises  are  correct,  and  they  are  believed  to  be  in  harmony 
with  present  knowledge,  these  resiilts  are  of  a  startling  nature.  Clean 
cast-iron  pipes  would  seem  to  have  about  90%  of  the  carrying  capacity 
of  stave  pipes,  while  if  seriously  tuberculated,  a  condition  which 
usually  prevails  after  a  few  years  of  use,  they  discharge  only  about 
two-thirds  as  much  as  stave  pipe  of  the  same  size. 

The  steel  pipe  discharges  when  clean  from  93%  in  case  of  a  12-iu. 
pipe  to  68%  in  case  of  a  6-ft.  pipe  of  the  amount  which  might  be 
expected  from  stave  pipes  of  the  same  sizes,  while  if  the  steel  pipe 
is  tuberculated  to  an  extent  that  may  readily  occur  in  from  ten  to 
fifteen  years  of  use,  these  discharges  may  fall  to  74%  and  54% 
respectively. 

Omitting  other  considerations,  is  not  the  value  of  a  pipe  line  in- 
vestment proportional  to  its  delivering  capacity?  Do  not  these 
percentages,  then,  represent  approximately  the  relative  values  of  these 
different  classes  of  pipe  as  investments  ? 

Cost. — Variability  in  market  quotations  on  materials,  freight  rates, 
wages,  the  effect  of  geographical  location  on  these,  the  conditions 
affecting  haul  and  the  manner  of  executing  the  work  make  it  impossible 
to  deduce  an  accurate  comparison  of  cost  which  would  admit  of  general 
application.  For  present  purposes,  however,  it  is  not  necessary  to 
attempt  more  than  to  convey  a  general  idea  of  the  order  of  the  respec- 
tive costs  of  the  three  classes  of  pipe  considered,  at  the  terminal  jjoints 
designated.  For  this  purpose  Tables  Nos.  8  and  9  have  been  prepared 
with  considerable  care. 

It  is  assumed  that  the  stave  pipe  is  designed  in  accordance  with  the 
formulas  previously  deduced,  an  assumption  which  somewhat  increases 
the  cost,  particularly  for  light  pressures,  above  that  which  would  result 
were  the  bands  spaced  in  accordance  with  the  formula  more  commonly 
used. 

The  steel  pipe  is  supposed  to  be  double  riveted  on  the  straight 
seams  and  single  riveted  on  round  seams,  as  ordinarily  built,  and  coated 
with  asphalt.  The  mill  price  for  sheet  steel  is  taken  at  from  1.60 
for  No.  14  plate  to  1.25  for  thicknesses  greater  than  No.  8. 

The  cast  pipe  is  supposed  to  be  proportioned  as  to  thickness  by  the 
formula  of  the  Warren  Foundry,  and  the  prices  assumed  per  ton  are 
^19  at  Chicago  and  ^26  at  San  Francisco,  the  latter  figure  being  the 
lowest  yet  quoted  there. 
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TABLE  No.  8. — Comparative  Cost  of  Pipe  at  Chicago. 
(Including  Laying,  but  not  Hauling. ) 


4) 

Stave. 

Steel  Riveted. 

Cast  Iron. 

6 

6 

6 

6 

6 

.s 

•3 

.d 

1 

1 

A 

n 

pq 

i 

J3 

A 

"2 

S 
o 

-ij 

-M 

■*^ 

a 

■^ 

ao 

o 

h' 

13 

a 

*^ 

«M 

A 

Q 

d 

o 

^ 

^ 

^ 

i!^ 

o 

« 

.35 

^ 

^ 

^ 

^ 

s 

"ti 

* 

Si 

iS 

" 

^ 

^9. 

.42 
.69 
.79 

.49 

.80 
.91 

.63 
1.02 
1.14 

.85 
1.46 
1  61 

J    .38 
.57 

.44 
.65 

.73 
1.29 
1.91 

.77 
1.35 
2.00 

.84 
1.46 
2.18 

1.00 

18 

.78 

98 

1.70 

24.. 

1.041.28 

1 .55 

1.99 

2. .55 

30.. 

,96 

1   12 

1.44 

2  06 

1.27  1.59  l.ft3'2. 46 

3.04 

2.67 

2.80 

3.07 

3.61 

36.. 

1.19 

1.4(1 

1.82 

2  65 

1.55 

1.93  2.30  2.92 

3.58 

3.47 

3.67 

4.06 

4.85 

42.. 

1.40 

l.as 

2  23 

3.:« 

1.61 

2.18  2. 6fi  3.37  4.12 

4.42 

4.69 

5.22 

6.28 

48.. 

1.55 

1 .  S5 

•..'  411 

3  67 

2.4H  :-!.()3  3.S8  4.6(1 

5.50 

5.84 

6.53 

7.92 

54.. 

2.2S 

2.6!.' 

3.43 

5.0!> 

2. W)  3.41  4.29  5.21 

6.65 

7.10 

8.00 

9.78 

60.. 

2.85 

3.35 

4.37 

6.40 

....  3.79 

4.75|5.74 

8.04 

8.63 

9.80 

12.13 

66.. 

3.21 

3  81 

5.00 

7.38 

4.35 

5.2ll6.29 

9.51 

10.16 

11.55 

14.05 

72.. 

3.65 

4.38 

5.83 

8.73 

... 

4.52 

5.666.83 

11.32 

12.00 

13.26 

16.00 

TABLE  No.  9. — Compabative  Cost  of  Pipe  at  San  Francisco. 
(Including  Laying,  but  not  Hauling.) 


1 

i 

1 
1 

Stave. 

Steel  Riveted. 

Cast  Iron. 

A 
1 

6 

d 

d 

6 

6 

d 

5 

Si 

i 

1 

T3 

Si 

i 

A 
£ 

12 

.37 

.58 
.76 
.83 

.46 

.71 
.96 

.61 

94 

.45 

.52 

.77 

.60 

.88 

1.01 

1 

.94 

1.65 

2.50 
3.52 
4.60 
5.87 
7.33 
8.86 
10.73 
12.70 
15.12 

.99 

1.73 

2.62 

3.70 

4.87 

6.25 

7.80 

9.47 

11.51 

13.69 

16.05 

1.09 

1.89 

2.86 

4.07 

5.40 

6.97 

8.73 

10.69 

13.14 

15.45 

17.78 

1.31 

18 

.96  1.47 
1.35  2.12 

1.04 

i  3(i 

2.21 

24 

1.351.67 

1  97 

2.51 
3.10 
3.67 
4  ^4 

3!79 
4.49 
5.12 
5.78 
6.47 
7.24 
7.81 
8.50 

3.37 

30 

1.03  1  43 

9.  ^3 

1.64  2.04  2.45 

4.81 

36 

I.O2I1. 2911.83 
1.231.58  2.28 
1.34ll.73'2.51 

2.90 
3  69 

1  80l2.44  2.92 

6.50 

491 

2.27  2.80  3. .37 

8.43 

48, 

4  07 

3.14  3.80  4.78 
3.55  4.32  5.37 

10.64 

54 

1.94!2.45  3.49  5.52 
2.4413.09:4.397.00 
2.79  3.57|5.14  8.26 
3.22  4.156.04,9.78 

13.15 

60 

4.87  5.95 
5.43  6.54 
5.90  7.09 

16.33 

66 

18.92 

73 

21.53 

The  figures  are  supposed  to  include  only  the  principal  common  items 
of  expense,  with  no  profit  to  the  contractor.  They  are  therefore,  pei'haps 
in  every  case,  somewhat  below  probable  cost,  and  are  intended  for  use 
by  way  of  comparison  only. 
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A  contrast  of  actual  quotations  for  particular  cases  would  in*almost 
every  instance  show  a  greater  advantage  to  the  stave  pipe  than  the 
tables  indicate.  Esi^ecially  would  this  be  true  where  a  considerable 
haul  would  be  necessary,  or  where  the  work  is  far  removed  from  pipe 
shops  and  of  insufficient  magnitude  to  justify  manufacturing  the 
riveted  pipe  on  the  ground,  or  where  the  site  is  difficult  of  access.  The 
tables  indeed  assume  the  most  favorable  conditions  for  the  use  of  the 
steel  riveted  or  the  cast  pipes.- 

Conclusion. — If,  then,  stave  pipe  stands  unquestionably  fii-st  in  point 
of  both  first  cost  and  carrying  capacity  when  contrasted  with  the  two 
other  classes  of  pipe  usually  considered,  and  second  only  to  cast  iron  in 
length  of  life,  does  it  not  logically  follow  that  it  is  destined  to  a  greatly 
extended  use?  and  is  it  not  clear,  that  thoiigh  the  great  saving  in  first 
cost  incident  to  local  causes  has  fostered  its  rapid  introduction  in  the 
West,  yet  the  field  of  its  economic  usefulness  is  by  no  means  compassed 
by  such  narrow  limits?  If  these  queries  are  answered  in  the  affirmative, 
is  it  not  deserving  the  careful  consideration  of  engineers  who  consci- 
entiously and  studiously  seek  a  wise  economy  in  the  design  and  execu- 
tion of  hydraulic  works  ? 
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DISCUSSION. 


Mr.  Tillson.  Geokge  W.  Tiiii.soN,  M.  Am.  Soc.  C.  E.— Mr.  Patten's*  statement 
shows  that  wood  which  is  alternately  wet  and  dry,  rots  very  rapidly  in 
a  climate  like  that  of  Wyoming.  In  the  case  he  describes,  where  the 
pipe  was  running  at  times  not  much  more  than  half  full,  such  results 
would  naturally  be  expected.  The  author  evidently  appreciates  fully 
the  danger  in  that  respect,  because  he  specifies  that  the  staves  shall  be 
so  thin  that  the  water  will  thoroughly  permeate  them. 

The  only  explanation  the  speaker  can  give  for  this  rapid  decay  is 
that  the  wood  is  dry  so  long  that  it  becomes  thoroughly  seasoned,  or 
thoroughly  free  from  moisture,  and  then,  when  rain  occurs,  such  wood 
is  in  the  right  condition  to  absorb  a  large  amount  of  moisture.  In  a 
short  time  it  becomes  dry  again,  and  so  goes  on  in  that  way  alternately 
thoroughly  wet  and  thoroughly  dry. 

Several  instances  of  such  decay  have  been  noticed  by  the  speaker. 
In  Omaha,  Neb.,  a  lot  was  being  graded,  and,  in  order  to  work  grading 
machines  to  advantage,  it  was  necessary  to  grade  the  earth  over  an  ad- 
jacent wooden  sidewalk.  When  the  work  was  completed  the  sidewalk 
was  cleaned  off,  and,  although  the  earth  had  only  been  on  the  walk  two 
or  three  months,  the  planks  had  decayed  appreciably. 

In  wooden  block  pavements  laid  in  Omaha,  although  the  sjjaces  be- 
tween the  blocks  wei-e  filled  with  sand,  and  the  interstices  with  tar,  in 
a  year  and  a  half  or  two  years,  cedar  blocks  began  to  decay  around  the 
edges,  and  in  three  years  cypress  blocks  were  almost  entirely  gone. 
Mr.  Bering.  KuBOLPH  Heeing,  M.  Am.  Soc.  C.  E. — Questions  as  to  the  dura- 
bility and  capacity  of  stave  pipe  will  have  to  be  settled  by  a  little 
longer  experience  than  has  as  yet  been  obtained.  Cast  iron  and  steel 
are  more  expensive  on  the  Pacific  slope  than  in  the  East,  while  wood  is 
cheaper.  For  that  reason  they  have  manufactured  a  good  deal  of  stave 
pipe,  and  have  had  more  exjjerience  with  such  pipe  in  that  country 
than  in  the  East;  and  while  it  is  somewhat  courageous  in  the  author  to 
take  the  position  that  wood  will  last  longer  than  iron,  yet  there  is 
much  truth  and  force  in  his  reasons.  In  California  the  speaker  has 
seen  wood  pipe  that  had  been  in  the  ground  thirty  years,  and  which 
was  as  good  as  the  day  it  was  put  in.  He  has  also  seen  wrought-iron 
pipe  hardly  J  in.  thick  that  had  been  used  in  the  ground,  and,  after- 
ward for  two  years  had  been  lying  in  the  field,  and  on  which  scarcely 
any  rust  could  be  seen,  merely  a  discoloration. 

The  speaker  believes  that  there  is  a  considerable  future  for  stave 
pipe,  provided  that  great  care  is  taken  in  the  selection  of  the  materials, 
in  their  manipulation  and  in  the  construction.      The  question  of  rot 

*  See  p.  65. 
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is  answered  in  this  way :  If  the  pipe  is  painted  inside,  the  wood  will  Mr.  Hering. 
almost  surely  rot  out;  it  should  not  be  painted  or  covered  with  any 
oily  material,  because  the  water  which  is  in  the  pipe  under  pressure 
should  go  through  the  wood,  and  keep  it  thoroughly  wet  all  the  time, 
thus  preventing  rot.  The  pipe  before  mentioned  by  the  speaker  had 
not  been  painted  inside;  he  was  shown  pipes  that  had  been  so  painted, 
and  they  had  rotted  in  a  few  years.  It  is  necessary,  of  course,  to  have 
the  water  under  pressure  constantly,  so  that  it  will  ooze  through  the 
pores  of  the  wood,  and  keep  it  in  a  condition  similar  to  that  which 
protects  wood  under  water.  The  loss  of  water  by  the  oozing  is  insig- 
nificant. 

It  has  been  found  that  bands  having  a  circular  or  elliptical  section 
are  very  much  better  than  the  flat  bands  formerly  used,  because  for 
the  same  quantity  there  is  a  smaller  surface  of  metal  exposed  to  cor- 
rosion. Of  course,  a  great  deal  depends  upon  the  care  with  which 
the  material  for  the  bands  is  made,  and  then  upon  the  care  with  which 
the  bands  are  coated  and  fastened  around  the  j)ipe.  The  speaker  saw 
in  Tacoma  some  of  these  bands  broken  while  they  were  being  put 
around  the  pipe,  thus  showing  that  they  had  been  improperly  made. 
Great  care  must  be  taken  in  all  the  details  of  manufacture  in  order  to 
make  a  successful  stave  pipe.  The  speaker  believes,  however,  that 
if  the  work  is  well  done,  the  Pacific  Coast,  at  least,  has  a  means  of  lay- 
ing and  maintaining  water  pipes  at  a  great  deal  less  expense  than  if 
either  steel  or  cast  iron  were  used. 

The  wrought-iron  pipe  before  mentioned  was  used  by  the  Spring 
Valley  Water  Company  in  San  Francisco.  The  chief  engineer  there 
maintained  that  wrought  iron  was  better  than  steel,  because,  if  the  ma- 
terial was  sufficiently  manipulated,  so  that  practically  no  uncombined 
carbon  was  left  therein,  there  would  be  less  occasion  for  rust.  The 
uncombined  carbon  in  the  steel  and  in  the  cast  iron,  in  connection 
with  the  carbonic  acid  in  the  air  and  in  the  water,  causes  electrical  ac- 
tion, and  therefore  corrosion.  The  specifications  required  a  very  severe 
treatment  in  the  manufacture,  rolling  over  and  over  many  times,  so 
that  a  high  degree  of  homogeneity  was  obtained,  and  electrical  ac- 
tion in  the  material  was  practically  prevented.  Cast  iron  apjjarently 
does  not  corrode  so  much  as  wrought  iron,  but  this  is  due  to  the  fact 
that  it  is  protected  on  the  outside  by  magnetic  oxide.  If  that  is  re- 
moved, cast  iron  will  corrode  more  quickly  than  homogeneous  steel  or 
wrought  iron. 

In  the  speaker's  opinion  there  is  no  question  biit  that  the  carrying 
capacity  of  a  wooden  pipe,  made  of  staves  which  have  been  planed, 
will  be  greater  than  that  of  a  riveted  steel  or  cast-iron  pipe.  There  have 
been  so  many  observations  to  confirm  this  that  it  cannot  be  questioned 
so  long  as  the  pijje  is  kept  in  good  condition.  However,  some  change 
in  that  condition  may  take  place.     For  instance,  a  slimy  coating  may 
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Mr.  Hering.  become  attached  to  the  wood,  or  plants  grow  thereon,  causing  a  great 
resistance  and  consequently  a  diminished  flow. 

In  reply  to  a  question  the  speaker  stated  that  he  had  never  heard  of 
any  trouble  caused  by  any  chemical  action  of  the  iron  in  eating  the 
wood  away. 
Mr.  O'Rourke.  J.  -p.  O'RouRKE,  M.  Am.  Soc.  C.  E.— The  author  believes  that  it  is 
profitable  to  limit  the  use  of  stave  pipe  to  pressures  lower  than  100  lbs. 
per  square  inch.  In  a  6- ft.  pipe,  100  lbs.  pressure  would  be  equivalent 
to  the  maximum  strain  allowable  on  a  steel  shell  \  in.  thick,  or  about 
15  000  lbs.  per  square  inch.  In  a  6-ft.  pipe,  omitting  the  strains  due 
to  cinching  and  to  the  swelling  of  the  staves,  and  considering  only  the 
strain  caused  by  a  pressure  of  100  lbs.  per  square  inch,  the  bands 
would  be  so  numerous  that  their  cost  would  probably  be  as  great  as 
that  of  a  cast-iron  pipe.  The  author,  therefore,  should  fix  more  closely 
the  economical  limit  as  to  the  diameter  of  the  pipe  and  the  pressure  at 
which  it  can  be  used. 

The  limit  of  pressure  fixed  by  the  author  seems  to  be  too  great,  and, 
so  far  as  durability  is  concerned,  the  speaker  takes  issue  with  him,  be- 
cause of  the  difficulty  in  protecting  the  bands  and  because  such  pipes 
are  not  yet  cheaper  or  more  economical  than  cast-iron  pipe  under  cer- 
tain conditions.  They  may  be  cheaper  than  cast-iron  pipe  in  first 
cost,  but  they  are  not  as  long  lived. 

The  author  should  be  a  little  cautious  in  stating  that  steel  bands, 
hammered  around  the  wood  and  buried  in  the  ground,  will  last  longer 
than  steel  pipe  treated  in  the  shops. 

A  few  years  ago  the  speaker  had  occasion  to  remove  from  Broadway, 
New  York  City,  some  wooden  pipe,  which  had  been  put  down  by  the  old 
Manhattan  Water  Company.  It  had  been  in  the  ground  in  the  neighbor- 
hood of  a  hundred  years,  and  was  a  little  soft,  but  not  at  all  decayed. 
Its  condition  was  just  what  would  naturally  be  expected  in  wood  that 
had  been  so  long  in  a  damp,  but  not  wet,  condition.  That  is,  the  con- 
dition of  wood  which  has  been  in  comparatively  moist  earth,  and  which 
has  not  been  exposed  to  the  air. 

A  similar  case  of  old  wood,  under  like  conditions,  was  found  in  the 
summer  of  1898,  in  an  old  building  at  the  corner  of  Gold  Street  and 
Maiden  Lane,  New  York  City.  The  bottom  of  the  wall  consisted  of 
oak  mud-sills,  about  5  or  6  ft.  long  and  6  ins.  thick.  These  planks 
were,  perhaps,  less  than  a  foot  above  the  water  and  were  qtiite  sound. 
On  top  of  the  mud-sills,  hewn  timber,  about  24  ins.  wide  and  10  or  12 
ins.  thick,  was  laid  the  full  length  of  the  wall.  This  timber  was  fully 
18  ins.  above  the  ground-water.  It  was  simply  in  moist  clay  and  was 
perfectly  sound,  although  the  building  was  more  than  a  hundred  years 
old. 

So  far  as  stave  pipe  is  concerned,  when  it  is  well  buried  in  moist 
earth  the  speaker  does  not  think  there  is   any  serious  danger  of  the 
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wood  rotting.     The  danger  is  confined  entirely  to  the  corrosion  of  the  Mr.  O'Rourke 
bands,  as  the  author  states. 

It  is  stated  in  the  paper  that  the  thickness  of  the  staves  should  be 
limited  so  that  they  will  become  thoroughly  water-soaked.  The 
speaker  believes  this  dimension  to  be  very  large. 

In  the  summer  of  1898,  the  speaker  put  down  some  wooden  caissons 
which  were  similar  to  stave-pipe  in  construction,  except  that  the  rings 
were  on  the  inside.  The  staves  were  of  yellow  pine,  very  rich  in  pitch, 
and  were  3^  ins.  thick.  The  water  in  the  ground  around  the  caissons 
was  kept  below  its  original  level  by  pumping,  to  about  6  ft.  from  the 
surface  of  the  cellar.  The  caissons  were  sunk  about  30  ft.  deeper  than 
this,  and  some  of  them  had  been  in  the  ground  for  nearly  a  week  before 
the  pig  iron  and  air  shafts  were  taken  out  and  the  interiors  made  visible. 
It  was  found  that  the  water  had  penetrated  the  3^  ins.  of  rich  pine, 
and  that  it  indicated  distinctly  the  outside  water-level. 

The  speaker  thinks,  therefore,  that  the  question  of  making  the 
staves  thin  enough  to  allow  the  water  to  soak  to  the  outside  need  not 
give  much  trouble.  The  author  recommends  staves  If  ins.  or  2  ins. 
thick  to  permit  of  complete  saturation;  in  the  opinion  of  the  speaker 
the  staves  might  be  a  foot  thick,  if  such  a  thickness  were  ever  necessary 
and  that  still  the  water  would  soak  through  to  the  outside  and  always 
keep  the  timber  wet  while  the  pipe  was  full. 

The  speaker  considers  that  such  an  excessive  thickness  would  never 
be  called  for,  and  only  mentions  it  to  show  that  the  saturation  of  the 
staves  is  certain  in  any  event,  so  long  as  one  side  is  in  contact  with  water. 

James  C.  Meem,  Assoc.  M.  Am.  Soc.  C.  E. — There  are  two  points  Mr.  Meem 
of  weakness  in  the  construction  of  stave  pipe,  which  appear  to  have 
been  met,  and  which  are  noted 
in  the  discussion,  namely,  the 
tendency  to  rot  on  the  outside, 
and,  in  pipes  of  large  diameters 
and  made  of  thin  staves,  the 
tendency  to  distortion. 

Some  time  ago  the  speaker, 
under  C.  H.  Myers,  M.  Am.  Soc. 
C.  E.,  assisted  in  designing  a  4-ft. 
sewer  pipe  intended  to  run  under 
pressure.  Comparative  estimates 
as  to  the  cost  of  cast-iron  pipe  and 
wood-stave,  concrete-cased  pij^e 
were  made. 

The  cost  of   the  former  was       °""'" '^Zo%Zr^^.lt''''° 
found  to  be  about  $10.50  per  foot.  Fig.  5. 

while  the  latter,  to  be  built  substantially  as  shown  in  Fig.  5,  was 
estimated  to  cost  about  $5.75;  per  foot.     Fig.  5  is  a  section  of  the 
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Mr.  Meem.  design,  and  would  seem  to  overcome  the  two  points  of  weakness  noted. 
The  shoe  was  substantially  the  same  as  that  shown  in  Fig.  3,  except 
that  it  was  to  have  been  made  of  cast  iron.  The  rest  of  the  design  is 
self-explanatory. 

Where  the  soil  was  soft  or  marshy,  this  sewer  was  to  have  been 
built  on  grillage,  and,  in  that  case,  the  design  included  a  cradle  of 
natural  cement  concrete  conforming  to  the  dotted  lines  shown  in  the 
figure,  the  cradle  and  concrete  invert  being,  of  course,  merged  into 
one.  The  cost  of  a  sewer  of  this  design  on  grillage  of  solid  double 
rows  of  2-in.  planking  al  right  angles  was  estimated  to  be  about 
$8.00  jjer  foot  in  this  specific  instance. 

Unfortunately  for  experience  this  pipe  has  never  been  constructed, 
but  it  is  believed  that  for  certain  purposes  it  would  prove  to  be  the 
most  economic  type  of  construction.  The  old  City  of  New  York  has 
built  a  great  deal  of  wood-stave  sewer  j^ipe;  Brooklyn  has  also  built 
several  sewers  of  this  material  in  the  last  two  or  three  years,  as  it  is 
especially  well  adapted  to  outfalls  through  crib- Work  and  piers. 

The  speaker  believes  that  these  sewers  have  always  been  satisfac- 
tory, but  he  can  only  speak  certainly  of  those  in  Brooklyn,  and  they 
have  not  yet  been  down  long  enough  to  give  any  indication  as  to  their 
ultimate  endurance.  The  tendency  to  rot  is  largely  overcome  by 
creosoting,  and  the  tendency  to  distortion  is  jjrevented  by  making  the 
staves  quite  thick. 

Mr.  Skinner.  F.  W.  Skinnek,  M.  Am.  Soc.  C.  E. — Although  the  limits  of  economy 
of  stave  pipe  and  steel  pipe  are  being  contrasted,  the  speaker  thinks 
there  is  some  comparison  l)etween  the  economy  of  stave  pipe  and  bored 
wooden  pipe.  He  had  occasion  not  very  long  ago  to  visit  an  establish- 
ment where  bored  wooden  pipe  is  manufactured,  and  was  quite  im- 
pressed Avith  the  great  economy  of  production.  Large  logs  were  turned 
to  a  suitable  exterior  dianieter,  and  then  the  core  was  taken  oiit  so  as  to 
preserve  the  heart  of  the  timber.  The  core  was  about  8  or  9  ins.  in 
diameter,  and  sufficed  for  a  smaller  pipe,  and  was  in  turn  counter-bored. 
The  pipes  were  reinforced  by  the  well-known  method  of  windiag,  under 
tension,  a  spiral  of  thin  fiat  metal  around  them.  The  ends  were  counter- 
bored  slightly  and  connections  made  by  inserting  wooden  thimbles. 
The  jarocess  is  extremely  cheap  as  regards  first  cost,  and  for  small 
lines  under  moderate  pressures  should  give  economical  results. 
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Hkney  B.  Patten,  M.  Am.  Soc.  0.  E. — The  City  of  Cheyenne,  Wyo.,  Mr.  Patten, 
has  btiilt,  altogether,  under  the  Allen  Patent,  10  259  ft.  of  stave  pipe,  as 
follows : 

In  1888,  1  892  ft.  of  30-in.  pipe. 

In  1889,  6  333  ft.  of  30-in.  pipe. 

In  1889,  2  034  ft.  of  20-in.  pipe. 

These  pijaes  were  planned  as  a  conduit  for  water  running  under  little 
or  no  head.  A  ijoi-tion  of  the  pipe  was  laid  under  circumstances  such 
that  it  was  only  partly  full  of  water  during  the  greater  portion  of  each 
year.  As  might  have  been  expected,  the  portion  so  constructed  decayed 
rapidly,  and  failed  entirely  in  a  few  years. 

Of  the  30-in.  pipe  built  in  1889,  2  000  ft.  were  rejalaced  by  vitrified 
earthenware  pipe  in  1896,  after  seven  years'  use.  In  1897,  2  200  ft.  more 
were  replaced,  having  given  only  eight  years'  service.  It  is  expected 
that  it  will  soon  be  necessary  to  replace  2  133  ft.  more  of  the  30-in. 
liilje,  which  is  the  remainder  of  the  30-in.  pipe  laid  in  1889. 

When  the  old  pipe  was  removed,  a  considerable  growth  of  grass  roots 
was  found  inside.  This  is  an  impediment  to  the  flow  of  water  that 
should  be  considered  as  a  partial  oflt'set  to  the  tuberculation  foimd  in 
cast-iron  pijie.  It  was  also  found  that  the  jjipe  was  distorted  from  the 
circtilar  section.  In  some  instances  the  cross-section  was  found  to  be 
quite  ellijitical,  the  original  30-iu.  circular  pipe  being  found  to  be  only 
26  ins.  in  vertical  diameter,  while  the  horizontal  diameter  was  nearly  34  ins. 

In  the  writer's  observation  of  the  old  pipe  as  it  was  removed,  the  fol- 
lowing facts  were  noted : 

First . — The  decay  of  the  pipe  was  greatest  on  the  ujiper  portion  of 
the  line  where  it  carried  the  least  water. 

Second. — That  pipe  which  had  the  least  covering,  and  thwa  was  neai-- 
€st  to  the  surface  of  the  ground,  was  decayed  the  most. 

T?drd. — The  outside  of  the  pipe,  on  the  upj^er  portion  of  its  cu'cum- 
ference,  was  decayed  more  than  any  other  j^art  of  the  jjipe. 

Fourth. — With  old  stave  i^ipe,  there  may  be,  occasionally,  a  material 
resistance  to  the  flow,  due  to  the  presence  of  grass  roots  which  may 
have  forced  themselves  through  the  moist  staves  or  through  the  joints. 

Fifth. — For  the  theoretically  circular  stave  pipe,  there  is  a  possibil- 
ity of  distortion  into  an  oval  or  elliptical  cross-section,  which  will  de- 
crease the  sectional  area  sufficiently  to  cause  a  diminution  of  the  dis- 
charge. 

P.  W.  D.  HoLBKOOK,  M.  Am.  Soc.  C.  E. — At  the  eastern  end  of  the  Mr.  Hoibrook. 
Hoosac  Tunnel,  in  1865-1867,  the  air  compressors,  which  furnished 
power  for  the  drills,  were  operated  by  turbine  wheels.     The  penstocks, 
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Mr.  Holbrook.  through  which  the  water  was  conveyed  from  the  canal  to  the  wheels, 
were  continuous  wooden  tubes,  made  of  staves  of  variable  length,  with 
radial  edges  and  concentric  faces.  The  staves  were  held  together  by 
circular  metal  bands,  spaced  in  accordance  with  the  strains  imposed. 
The  penstocks  were  about  40  ft.  long  and  about  5  ft.  in  diameter. 
Such  construction  was  well  known  and  in  general  use  in  western  Mas- 
sachusetts at  that  time,  and  therefore  dates  back  to  a  mtich  earlier 
period  than  is  generally  supposed. 
Mr.  LeConte.  L.  J.  LeConte,  M.  Am.  Soc.  C.  E. — The  author  is  evidently  strongly 
impressed  with  the  special  advantages  of  stave  pipe,  as  compared  with 
cast-iron  and  riveted  i^ipe,  within  certain  fixed  limits. 

The  writer  is  quite  willing  to  concede  many  of  the  important  advant- 
ages claimed,  provided  the  limit  of  pressure  does  not  exceed  100  lbs.  per 
square  inch,  as  assumed  in  the  paper.  He  takes  exception,  however, 
to  the  claim  that  the  velocity  coefficient  c  for  stave  pipe  gradually  in- 
creases with  increase  in  diameter,  and  finally  attains  the  extraordinary 
value  of  163  for  the  72-in.  pipe.  There  is  no  proper  authority  for  such 
a  high  value  of  c.  "With  stave  pipe,  the  highest  value  for  c  yet  ob- 
tained by  competent  authority,  and  on  a  scale  sufficiently  large  to  in- 
spii'e  confidence,  is  about  143. 

Of  course,  it  is  quite  possible  that  future  experience  Avith  larger 
pipes  may  develop  higher  values,  but  the  Ogden  experiments  with  the 
72-in.  pipe  certainly  do  not  furnish  evidence  upon  which  to  base  any 
hopes  in  this  direction. 

The  writer   strenuously  objects  to  the  palpably  unfair  consider 
ation    given    to    riveted    pipes  in   the  paper.     As  pij^e  of  this  kind 
has  been  in  constant  use  on  the  Pacific  coast  for  the  past  thirty -five 
years,  and  on  a  very   large  scale,  the  writer   is   able   to   speak  with 
confidence. 

The  life  of  any  one  of  the  three  classes  of  pipe  under  consideration 
will  depend  chiefiy  upon  the  character  of  the  soil  in  which  it  is  buried. 
In  ordinary  soil,  free  from  alkaline  ground  waters,  riveted  pipe,  prop- 
erly coated,  will  certainly  last  twenty-five  years,  as  instanced  to  the 
writer's  personal  knowledge,  by  numerous  examples.  The  following 
table  from  his  memorandum  book  shows  the  life  of  some  of  the  thinner 
grades  of  pipe  : 


Diameter,  in 
inches. 

B.  W.  G. 

Year  laid. 

Year  taken  up. 

Age, 
in  years. 

Head  of  water, 
in  feet. 

8 

18 

1874 

1895 

21 

1,S5 

10 

16 

1865 

1895 

30 

175 

6 

16 

1873 

1894 

21 

200 

8 

14 

1865 

1895 

30 

175 

12 

14 

1868 

1898 

30 

200 

24 

10 

1872 

1897 

25 

200 
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All  these  pipes  were  taken  up,  samples  were  taken  and  observations  Mr.  LeConte. 
on  the  same  duly  recorded.     The  old  pipes  were  then  relaid  under 
lighter  pressures,  and  are  now  doing  fairly  good  service. 

Tubei'culation  is  so  rare  on  the  Pacific  coast  that  engineers,  as  a 
rule,  give  it  little  or  no  consideration  in  fixing  the  sizes  of  jnpes.  The 
waters  being  nearly  always  hard,  the  salts  in  time  form  a  thin  in- 
crustation on  the  inner  surface  of  the  asphalt  coating,  and  so  far  there 
has  been  no  authentic  case  reported  where  c  has  materially  diminished 
with  the  age  of  the  pipe.  Tuberculation  is  only  trotiblesome  where  the 
waters  are  soft. 

The  writer  particularly  objects  to  the  statements  of  comparative 
values  of  c  in  Tables  Nos.  6  and  7.  In  Table  No.  6  the  value  of  the  co- 
efficient for  clean  steel-riveted  pipe  of  all  diameters  and  thicknesses  is 
given  as  111,  which  is  clearly  an  error,  and  the  coefficient  for  tuber- 
culated  72-in.  riveted  pipe  is  given  as  89,  or  the  same  as  that  for  a 
tuberculated  20  in.  ca^t-iron  pipe.      Comment  is  unnecessary. 

It  therefore  follows  that  Table  No.  7,  giving  the  relative  discharg- 
ing capacities,  is  eq^ually  objectionable.  The  tables  of  comj^arative 
cost  (Nos.  8  and  9)  are  replete  with  comparisons  unfair  to  riveted  pipe. 
For  example,  take  the  30-in.  pipe  at  San  Francisco,  Table  No.  9. 
The  cost  of  stave  pipe,  30  ins.  in  diameter,  capable  of  sixstaining  a  200- 
ft.  head  of  wiiter  (a  limit  of  comparison  of  the  author's  own  selection), 
is  given  as  ^2.23  per  lineal  foot;  while  the  cost  of  |-in.  riveted  pipe  30 
ins.  in  diameter,  capable  of  sustaining  a  200-ft.  head  of  water,  is  given 
as  $3.79  per  lineal  foot.  The  author  omits  to  mention  the  important 
fact  that  this  |-in.  double-ri'y»eted  pipe  will  safely  stand  a  900-ft.  head 

p^  16000   X   t    ^^  J,  ^  16  OOP  XI  ^  ^„„  ,^^  ^  ^^ 

r  15 

in  which  P  =  the  pressure  in  pounds  per  square  inch, 
t  =  the  thickness  of  the  shell  in  inches, 
and  r  =  the  radius  of  the  pipe  in  inches.     The  author,  therefore, 
has,  in  this  30-in.  pipe,  four  times  the  amount  of  steel  that  the  case 
calls  for — and  so  on  through  the  whole  table. 

The  strong  points  in  favor  of  riveted  pipe  are  economy  in  first  cost, 
and  durability — it  lasts  at  least  twenty-five  years.  In  California,  en- 
gineers have  never  claimed  a  high  value  for  c  for  riveted  pipe,  as  com- 
pared with  cast-iron  pipe  of  the  same  diameter.  The  value  of  c  for 
large  sizes  is  found  to  range  from  115  to  120,  and  for  small  sizes  from 
100  to  110.  These  values  are  further  modified  by  the  percentage  of 
heavy  plate  iron  there  may  be  in  the  pipe  line.  This  factor  makes 
the  determination  of  the  correct  value  of  c,  for  any  proposed  pipe  line, 
a  very  complex  problem,  so  much  so  that  it  has  become  a  maxim,  so  to 
speak,  that  every  riveted  pipe  line  has  its  own  peculiar  coefficient. 

Theoretically,  the  stave  pipe  should  certainly  develop  a  high  value 
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Mr.  LeConte.  for  c,  but  this  class  of  pipe  has  been  in  use  only  eight  years,  and  there 
is  much  yet  to  be  learned  aboiit  it. 

The  sphere  of  its  usefulness  is  so  limited  in  extent  that  its  economic 
application  wOl  be  confined  almost  entirely  to  special  cases  where  the 
pressures  are  low.  For  all  higher  pressures  riveted  and  lap-welded 
pipes  are  the  only  kinds  which  are  fit  for  the  services  they  are  called 
upon  to  perform. 
Mr.  Henny.  jy  Q  Henny,  M.  Am.  Soc.  C.  E.  -The  author  has  distinguished 
three  distinct  sources  of  strain  in  the  band  of  a  stave  pipe,  and  the 
formulas  for  the  determination  of  this  strain  express  the  effect  of 
each  source  seiJarately,  P/E  being  the  strain   from  water  pressure, 

3 
X=  -^  P  f  t  the  strain  from  cinching,  and  i?"  tf  the  strain  caused  by 

the  swelling  of  the  wood,  all  of  which  are  added  together  to  establish 
a  value  for  8,  the  least  permanent  band  strain  in  a  tight  pipe,  as  in 
the  author's  formvila  (1). 

The  writer  cannot  admit  the  correctness  of  this  reasoning,  because 
the  interdependence  of  these  strains,  to  which  attention  has  been 
directed  by  the  author  himself  on  page  29,  precludes  the  deter- 
mination of  the  final  strain  by  simple  addition.  Nor  has  the  author 
made  fully  clear  Avhat  was  meant  by  X,  whether  the  strain  in  the 
band  immediately  after  back-cinching,  or  immediately  before  thepii^e 
is  filled  with  water,  or  whether  it  represents  some  remaining  influence 
in  the  final  strain  of  the  cinching  of  the  band.  In  any  case  there  is 
no  evidence  why  it  should  be  in  any  way  dependent  on  the  water 
pressure  P,  and  the  value  assigned  to  -^by  the  author  seems  to  be 
purely  arbitrary. 

The  writer  believes  it  to  be  self-evident  that  when  there  is  no 
I)ressure  on  the  pipe  the  strain  in  the  band  is  balanced  by  the  com- 
l^ressive  lateral  strain  in  the  staves.  Clearly,  assuming  the  staves  to 
have  no  compressive  strength  whatever,  no  amount  of  cinching  could 
l^roduce  any  strain  in  the  band.  When  there  is  water  i>ressure  on  the 
pipe,  the  lateral  strain  in  the  wood  must  balance  all  the  excess  in  the 
Taand  strain  over  that  due  to  water  pressure,  otherwise  motion  would 
ensue  until  a  balance  is  established. 

Calling  y  the  average  compressive  lateral  strain  in  the  staves  per 
square  inch  of  comjjressed  section  when  the  pipe  is  under  a  pressure 
P,  then 

S=Pf  R-{-fii, (a) 

The  author  is  correct  in  reasoning  that  the  ultimate  swelling  force 
of  wood  is  the  measure  of  its  ultimate  resisting  force  when  saturated, 
hence  the  maximum  permanent  value  of  ?/is  E"  and 

{b) 
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TABLE  No.  10. — Strains  in  Bands  on  10-In.   Redwood  Stave  Pipe,  Mr.  Henny. 

IN  Pounds. 


Date. 


Gauge  Readings  in  Pounds. 


10 


15 


20 


50 


Jan. 
Feb. 


Mar 


31st 

31st 

1st 

3d 

4th, 

5th 

6th, 

10th 

nth 

13th 

15th 

17th 

19th 

20th 

21st 

24th 

27th 

28th 

39th 

.     2d 

3d 

4th 

5th 

5th 
6th 
7th 
9th 
10th 
11th 
12th 
13th, 
14th, 


1896 

4  300 
3  700 
2  600 
2  300 

'i'goo" 

Ba 

Qds:  101 

ns.  cente 

>r  to  cen 

ter. 

1896. 

3  800 

3  850 

3  925 

4  100 



1896. 

1896. 

'2'i.56" 
2  100 
2  100 

2  500 

1896. 

1896. 



1896. 

2  2,50 
2  075 
2  075 
2  050 
2  075 
2  075 
2  000 
2  000 
2  000 
2  000 

1896. 

1896 

1896. 

1896. 

1896. 

1896 

1896 

1896, 

1896. 

1  750 
1  800 

1896. 

1  775 

3  300 

1896 

2  000 

1896. 

1  750 
1  750 

1896 

1  800 

2  000 

3  000 

1896. 

1896. 

1  950 

1896. 

1  750 

2  200 

Bands:  5  ins.  center  to  center. 


1896. 
1896. 
1896. 
1896. 
1896. 
1896. 
1896. 
1896. 
1896. 


1  500 
1  650 
1  600 


1  475 
1  475 


1  475 


170 


1  700 


1  700 


1  800 


1  950 


2  000 

3  000 

1  975 

2  000 

3  000 
3  000 


3  350 


3  300 


This  maximum  strain  can  be  attained  only  by  re-cinching  after  the 
pipe  has  become  filled  and  is  under  pressure,  which  is  rai'ely,  if  ever, 
done  in  practice.  In  case  the  pipe  is  cinched  up  to  the  limit,  the 
strain  in  the  band  may  he  f  t  E"  before  filling.  When  pressure  comes 
on,  the  staves  will  be  forced  outward,  owing  to  the  compression  of  the 
wood  immediately  under  the  bands,  and  to  deflection  between  the 
bands,  to  which  the  author  has  duly  called  attention.  While  this 
motion  is  small  it  lessens  materially  the  lateral  compression  of  the 
staves,  and  relieves  to  that  extent  the  portion  of  the  band  strain  due 
to  stave  compression.  The  extent  of  relief  being  unknown,  it  would 
not  be  practicable  to  take  cognizance  of  it  in  the  determination  of 
maximum  strains,  but  so  far  as  formula  [a]  is  concerned  it  may  be 
stated  that  as  P  becomes  larger  for  any  given  pipe,  y  becomes  smaller 
until  finally  leakage  results. 

An  experiment  made  by  the  writer  some  three  years  ago  may  be  of 
interest  here  as  illustrating  the  dependence  of  stave  compression  on 
water  pressure,  although  it  was  originally  undertaken  to  determine 
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Mr.  Henny  the  safe  maximum  spacing  for  pipe  with  thin  staves,  and  to  inquire 
into  the  degree  to  which  it  would  be  desirable  or  imperative  to  carry 
the  rather  expensive  process  of  cinching. 

A  section  of  10-in.  pipe  about  8  ft.  long  was  built  of  redwood 
staves  Iru  ins.  thick,  and  having  ^-in.  round  steel  bands  with  cold- 
pressed  threads.  Upon  test  these  bauds  showed  a  tensile  strength 
at  the  elastic  limit  of  from  4  100  to  5  600  lbs.  and  a  breaking  strength  of 
from  6  900  to  7  300  lbs.  The  bands  were  thoroughly  cinched,  and 
heads  were  placed  over  the  ends  of  the  section  and  connected  by 
longitudinal  bolts.  One  of  the  bands  was  provided  with  the  strain- 
measuring  device  described  and  illustrated  in  a  previous  paper  by 
the  author."  Fig.  1,  Plate  I,  of  that  paper  shows  the  device  in  posi- 
tion on  the  test  pipe. 

The  first  experiment  was  with  bands  spaced  at  10  ins.  from  center 
to  center,  and  lasted  35  days,  during  which  time  pressure  was  kept 
on  the  pipe  up  to  20  lbs.  per  square  inch.  The  second  experiment, 
wdth  bands  5  ins.  apart,  lasted  9  days,  and  the  pipe  was  subjected  to 
pressures  up  to  64  lbs.  i)er  square  inch. 

The  actual  baud  strain  is  recorded  in  Table  No.  10. 

Upon  the  basis  of  band  strains  at  the  end  of  each  experiment  for 
various  gauge  readings  the  analysis  given  in  Table  No.  11,  shows  the 
strains  in  the  band  and  in  the  staves. 


TABLE    No.    11. 


-Strains    in    10-In.    Redwood    Stave    Pipe    undee 
Pkes.sure,  in  Pounds. 


Gauge  read- 

Band Strain. 

Average 
lateral  com- 
pression ot 
staves  per 
square  inch. 

y- 

Pressure  of 

ing. 
P. 

Tolal 
measured. 

From  water 

pressure. 

PfR. 

From  stave 

compression. 

fty. 

band  on 
stave  per 
lineal  inch. 

0 

5 

10 

15 

20 

E 

1  750 
1  800 

1  950 

2  000 

3  300 

I 
1  475 
1  700 

1  8'» 
3  000 
3  150 

2  300 

ands:  10  ins.,  c« 
0 

353 

506 

759 

1  013 

Jands:  5  ins.,  ce 

0 

506 

759 

1  012 

1  265 

1  518 

inter  to  center. 
1  750 
1  547 
1  444 

1  341 
1  188 
nter  to  center. 
1  475 
1  194 
1  041 

988 

885 

782 

165 
146 
136 
117 
112 

277 
324 
196 
186 
166 
147 

285 
293 
318 
326 
359 

0 

341 

20 

277 

30 

294 

40 

336 

60 

351 

60 

375 

Note. — Actual  diameter,  10.13  ins.    Bands  were  cinched  very  hard.    Some  fibers  on 
bastard  staves  had  snapped.    Crease  made  by  band  measured  from  ^^  to  J  in. 

Tables  Nos.  10  and  11  show  some  interesting  facts  in  relation  to 
lateral  stave  compression  for  different  spacing  of  bands,  to  which  ref- 

*  "The  Astoria  City  Water- Works, "  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxvii,  p.  1. 
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erence  will  be  made  hereafter.     For  tlie  present  it  is  sufficient  to  note  Mr.  Henuy. 
the  decrease  of  band  strains  from  stave  compression,  fty,  with  the  in- 
crease of  water  pressure. 

The  maximum  band  strain  as  expressed  by  formula  [}>)  is  greater 
than  that  required  for  tight  pipe.  When,  on  a  pipe  under  pressure,  the 
strain  in  a  band  is  released  by  turning  the  nut,  the  compressive  strain 
in  the  staves  will  be  decreased,  until  finally,  leakage  in  the  seam 
joints  results,  commencing  half  way  between  the  bands,  where  the 
compressive  strain  is  least.  Calling  the  stave  compression  half  way 
between  the  bands  j/j,  and  that  at  the  bands  y.^^,  the  average  stave  com- 
pression y  will  be  approximately  T  ^' ,  and  the  condition  of  tight- 
ness will  be  expressed  by  ?/,  >>  P. 

Where  the  spacing  of  the  bands  is  not  wide,  and  where  the  staves 
are  not  unusually  thin  (conditions  referred  to  hereafter)  y.2  will  gen- 
erally be  but  little  greater  than  y^,  and  consequently  y^  -f-  y.^  will  be 
little  greater  than  2^i,  and,  with  the  exceptions  noted,  it  is  believed  that 
tightness  is  generally  insured  by  the  condition  y^  -\-  y2  :=  ^  P  or  y  =^ 

3 

-^  P.      Substituting  in  formula  {a)   there  results  for  the  least  band 

strain  in  tight  pipe  : 

S=P/R+ff^^P 

which  should  be  equal  to  the  safe  tensile  strain  in  the  band;  hence 
.  =  P/  (i,*  4- 1  i) 

So  far  as  indentation  under  the  band  is  concerned,  the  safe  bearing 
power  under  the  band  should  not  be  exceeded  by  the  safe  band  strain; 
therefore 

s  =  Pf(R  +  ^t)-<   (r  +  ')   e (c) 

from  which  the  spacing 

(E-{-t\e 
f=—r^ <^  ^        {d) 

Some  stave-pipe  specifications  have  required  that  the  greatest  strain 
in  the  band  should  fall  within  the  limit  of  elasticity  of  the  steel,  so 
that  no  permanent  elongation  may  result  from  either  excessive  cinch- 
ing or  from  subsequent  swelling  and  pressure  strains.  This  condi- 
tion is  generally  complied  with,  under  ordinary  j)roportions  of  jaipe 
design,  and  usually  the  wood  in  the  staves  will  commence  to  fail 
under  the  cinching  strain  long  before  the  elastic  limit  in  the  band  is 
reached.     In  extreme  cases,  however,  of  wide  spacing,  large  diameter, 
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Mr.  Henny.  very  dry  lumber,  hard  cinching  and  quick  filling  and  jjutting  under 
pressure  of  the  pipe,  the  elastic  limit  may  be  temporarily  passed,  but 
the  writer  can  discover  no  sjiecial  harm  in  this,  since  the  soaking  of 
the  wood  would  quickly  release  the  excessive  strain.  It  is  for  this 
reason  also  that  in  the  above  formulas  no  reference  has  been  made  to 
temjjorary  strains  and  because  with  stave  pipe  built  of  staves  and 
bands  of  ordinary  projiortions,  with  the  proper  kind  of  lumber,  there 
is  no  danger  that  the  temjiorary  band  strains  will  approach  too  closely 
to  the  breaking  jaoint. 

Formula  {d)  has  been  used  by  the  writer  for  many  years  to  deter- 
mine the  spacing  of  pipe  bands,  and  he  sees  no  reason  to  deviate  from 
this  practice.  It  should  be  remembered,  however,  that  the  formula 
is  based  upon  the  assumption  that  the  diflference  between  the  com- 
pressive strain  in  the  wood  at  the  band  and  that  between  the  bands  is 
not  great,  an  assumption  that  is  not  safe  when  the  sjaacing  is  wide  or  the 
staves  are  thin.  Tlie  exact  effect  of  the  deflection  of  the  staves  between 
the  bands  is  exceedingly  difficult  to  determine,  and  as  a  practical  solu- 
tion of  this  question  the  writer  has  generally  fixed  upon  some  maxi- 
mum spacing  which  practice  and  experiments  have  shown  to  be  safe. 

For  staves  run  from  2-in.  lumber  the  maximum  spacing  has  gener- 
ally been  made  12  ins.,  Avhich  has  been  reduced,  however,  to  11  and  10 
ins.  as  the  diameter  of  the  pipe  increased,  without  a  corresponding- 
increase  in  the  stave  thickness,  in  order  to  give  to  the  pipe  the  rigid- 
ity required  to  resist  deformation  and  to  support  top  loads. 

For  staves  run  from  IJ-in.  lumber  the  maximum  spacing  has 
been  fixed  at  10  ins. ,  because  the  staves  deflect  more  easily,  and  con- 
sequently there  is  a  greater  difference  in  the  compressive  strains  at 
points  between  the  bands  and  under  the  bands.  Thus,  for  light 
heads  the  spacing  is  made  closer  than  would  result  from  the  use  of 
formula  (c/j,  nor  is  the  reduction  of  spacing  confined  to  pressures 
below  the  limit  for  which  formula  (d)  indicates  the  assumed  maximum 
spacing  to  be  sufficient,  but  the  reduction  is  graduated  over  higher 
pressures  as  well,  up  to  some  point,  the  selection  of  which  must  be 
largely  a  matter  of  judgment  and  experience. 

If  the  reasoning  on  which  formula  {d)  is  based  be  correct,  excep- 
tion must  be  taken  to  the  author's  determination  of  the  factors  of 
safety  in  the  bands  of  existing  pipe  lines  as  given  in  Table  No.  5. 

The  column  "Resulting  factor  in  band,  including  all  strains," 
would  show  different  values,  as  the  total  band  strain  upon  which  it  is 
based  would  be  determined  by  the  addition  of  strain  from  water  press- 
ure and  strain  from  swelling  staves,  without  the  further  addition  of 
an  assumed  strain  resulting  from  cinching.  The  writer  does  not  wish 
to  imply,  however,  that  the  values  found  by  the  author  for  resulting 
band  factors  are  in  themselves  too  low.  While  it  is  held  that  no  addi- 
tion should  have  been  made  for  cinching  strain,   it  is  quite  possible 


CORKESPONDENCE   ON    STAVE    PIPE.  73 

that  the  swelling  force  E"  may  at  times  be  higher  than  100  lbs.,  as  as-  Mr.  Hennj\ 
sumed  by  the  author. 

To  determine  actual  factors  in  existing  pipe  lines  by  means  of  for- 
mulas alone  is  considered  impracticable,  because  the  compression  of 
the  staves  in  the  pipe,  Avhen  saturated  and  under  pressure,  varies  with 
the  degree  of  cinching  of  the  bands  and  the  dryness  of  the  staves  at  the 
time  of  construction.  These  are  generally  unknown  or  at  least  very 
uncertain,  and  even  were  they  known,  their  exact  effect  on  final  stave 
compression  would  still  be  in  doubt.  It  may  be  assumed  that  the 
author  gave  probable  rather  than  either  actual  or  minimum  factors, 
and,  if  so,  the  writer  believes  that  the  assumption  E"  =  100  lbs.  is 
sufficiently  high  ;  but  that,  as  stated,  the  supposed  strains  resulting 
from  cinching,  given  in  Table  No.  5,  should  have  been  omitted  in  the 
determination  of  probable  total  band  strains. 

It  is  evident  that  any  change  in  the  total  band  strains  would  effect 
corresponding  changes  in  the  computed  band  pressures  on  the  staves 
as  given  in  the  last  two  columns  of  Table  No.  5. 

It  will  be  observed  that  formula  {d),  contains  but  one  coefficient  to 
be  determined  by  experiment,  namely  "t", "  the  resistance  the  staves 
offer  to  indentation  by  the  bands. 

The  necessity  for  its  determination  was  promptly  realized  by 
the  writer,  and  he,  so  far,  as  facilities  at  hand  would  permit,  con. 
ducted  some  simple  experiments  with  redwood.  Reds  of  various  dia- 
meters were  laid  on  the  flat  side  of  dressed  samjDles,  the  position  of 
the  rod  being  in  each  case  perpendicular  to  the  direction  of  the  fiber. 
The  test  pieces  were  Ixf  ins.  thick  and  Syf  ins.  wide,  dressed  on  four 
sides.  Edge-grain,  diagonal-grain  and  bastard-grain  samples  were 
selected.  One  set  had  been  kiln-dried  and  averaged  1.67  lbs.  per  lineal 
foot  in  weight,  while  another  set  had  been  submerged  in  water  for  ten 
days  and  showed  an  average  weight  of  2.10  lbs.  per  lineal  foot. 

After  each  sample  had  been  placed  in  position  and  the  rod  had 
been  laid  upon  it,  a  load  was  applied  by  means  of  a  weighted  lever, 
the  weight  being  slowly  increased  and  the  width  of  the  bearing  meas- 
ured, until  the  first  evidences  of  cracking  wood  fibers  appeared. 

Table  No.  12  gives  the  greatest  load  and  corresponding  width  of 
bearing  before  damage  to  the  wood  resulted.       * 

The  writer  fully  realizes  that  wood,  even  of  the  same  tree,  is  a  very 
variable  material,  and  that  experiments  made  on  single  samples  can 
have  no  far-reaching  importance.  The  results  are  believed,  however, 
to  be  not  devoid  of  interest  and  to  warrant  some  general  conclusions. 

It  will  be  noted  that  the  width  of  bearing  surface  generally  ap- 
proximates closely  to  the  radius  of  the  rod  before  injury  to  the  wood 
results,  as  has  been  assumed  by  the  author.  It  will  further  be  observed 
that  the  direction  of  the  annular  rings  has  a  decided  influence  on  the 
bearing  power,  the  edge  grain  sustaining  60  to  100%"  greater  loads  than 
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Mr.  Henny    TABLE  No.   12.  — WlDTH  OF  BEARING,  LoAD  PEK  LlNEAL,  InCH  AND  LoAD 

PEE  Square  Inch  of  Bearing  Surface   of  Round  Rods  laid  on 
Clear  Redwood,  Perpendicular  to  the  Direction  of  the  Fiber. 


Diameter 

Edge  Grain. 

Diagonal 
Grain. 

Bastard  Grain. 

of  rod,  in 

inches. 

Dry. 

Wet. 

Dry. 

Wet. 

Dry. 

Wet. 

( 

„J2 

„ak 

3^32 

35 

92 

Widtli  of  bearing,  in  inches. 

i 

317 

277 

286 

179 

179 

Pounds  per  lineal  inch. 

( 

2  028 

2  216 

2  614 

1432 

1  145 

square  " 

{ 

55 

is  5 

3% 

5i/32 

Width  of  bearing,  in  inches. 

? 

415 

415 

317 

3it 

180 

338 

Pounds  per  hneal  inch. 

/ 

2  213 

1897 

1  674 

1674 

1  153 

1398 

"          square  " 

( 

-^S 

31 

35 

=55 

3J 

Width  of  bearing,  in  inches. 

* 

513 

415 

415 

461 

367 

22S 

Pounds  per  lineal  inch. 

( 

2  052 

1660 

1  660 

1844 

1068 

1043 

"          square  " 

* 

-■^I 

3-J 

M 

^S 

35 

u 

Width  of  bearing,  in  inches. 

5 -, 

510 

.510 

460 

44fi 

317 

400 

Pounds  per  lineal  inch. 

i 

1632 

1  632 

1  472 

1793 

1127 

1  172 

square  " 

( 

\" 

'^ 

P 

P 

Width  of  bearing,  in  inches. 

? ] 

558 

558 

56S 

460 

415 

415 

Pound    per  lineal  inch. 

( 

1785 

1  785 

1354 

1635 

1  106 

1  106 

:           square  " 

14 

u 

h'i 

?4 

h^ 

U 

Width  of  bearing,  in  inches. 

I 

701 

701 

603 

603 

415 

458 

Pounds  per  lineal  inch. 

1602 

1602 

1286 

1380 

948 

1046 

square  " 

the  bastard  grain,  the  diagonal  grain  giving  intermediate  values.  This 
was  not  entirely  unexpected.  Redwood,  like  most  soft  woods,  consists  of 
alternate  hard  dark  rings  (summer  wood)  and  soft  light-colored  rings 
(spring  wood).  In  edge  grain  the  rod  is  supported  by  the  upper  edges 
of  a  lai'ge  number  of  hard  rings,  while  in  bastard  grain  it  lies  flat  on 
one  of  these  rings,  which  receives  its  own  support  from  a  soft  ring 
underneath,  and  is  easily  pressed  down  and  broken. 

Another  interesting  fact  disclosed  by  the  experiments  is  that  the 
sustaining  jjower  per  square  inch  grows  smaller  as  the  diameter  of  the 
rod  increases.  An  explanation  of  this  may,  perhajis,  be  found  in  the 
fact  that  the  indentation  from  a  round  rod  jiroduces  not  only  down- 
ward compression,  but  also  a  stretching  of  the  upper  fibers  in  which 
the  rod  lies  suspended,  as  it  were,  and  the  supporting  effect  of  these 
stretched  fibers  must  be  projiortionately  greater  for  narrow  than  for 
wide  rods. 

Finally,  the  rather icurious  fact  is  develojied  that  wood,  when  be- 
coming saturated,  does  not  seem  to  lose  in  bearing  jjower.  The  fiber 
when  wet  does  not  break  and  snap  off  readily,  which  permits  more  de- 
formation without  injury,  and  such  increased  deformation  does  not 
necessarily  result  in  a  greater  width  of  actual  contact. 

Wliile  generally  the  loads  were  borne  for  only  a  short  time,  they 
were  sometimes  left  on  for  several  hours  or  throughout  the  night,  yet 
no  further  marked  settlement  appeared  to  occur.  The  writer,  there- 
fore, concludes  that,  contrary  to  the  assumption  of  the  author,  there 
is  no  great  difference  between  the  temporary  and  the  permanent  sus- 
taining power,  E'  and  E. 
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The  supporting  powei'  of  saturated  redwood  for  a  ^-in.  rod  was  Mr.  Henny. 
found  to  vary  from  415  to  228  lbs.  per  lineal  inch  of  rod,  according  to 
the  grain  of  the  wood,  while  the  10-in.  pipe  experiments  previously 
noted  (Table  No.  11)  gave  a  maximum  of  375  lbs. ;  by  which  pressure, 
however,  the  fibers  of  the  bastard-grain  staves  had  been  injured  and 
the  bearing  increased  to  a  width  greater  than  the  radius  of  the  rod. 

Comparing  the  results  of  the  experiments  with  the  value  of  E,  as- 
sumed by  the  author,  on  page  38,  it  is  found  that  the  assumption 
E  =  240  lbs.  for  i-in.  bands  is  about  correct  for  bastard  grain.  As  to 
the  safe  bearing  jjower,  e,  the  writer  believes  that  the  experiments 
indicate  sufficiently  that  the  value  to  be  given  to  it  for  the  various 
diameters  of  bands  should  not  be  based  on  a  uniform  safe  pressure  per 
square  inch  of  contact,  but  that  it  should  decrease  with  an  increase  of 
diameter,  and  he  has  generally  based  the  si^acing  on  Table  No.  13, 
deduced  from  the  above  experiments. 

TABLE  No.  18. — Assumed  Safe  Loads   of   Round  Bands   on   Clear 
Redwood  Staves. 


Safe  Load 

IN  Pounds. 

Diameter  of  band, 

Width  of  bearing,  in 

in  inches. 

inches. 

Per  square  inch. 

Per  lineal  inch. 

f 

tV 

747 

140 

TB 

s'l 

700 

153 

660 

165 

i 

tV 

640 

300 

i 

620 

232 

s 

TB 

600 

362 

If  it  be  desired  to  determine  the  maximum  strain  that  resistance 
to  indentation  enables  the  staves  to  transmit  to  the  bands,  values  for 
E,  equivalent  to  from  2  200  to  1  600  lbs.  per  square  inch  of  band  contact 
should  be  used. 

The  swelling  force  and  the  lateral  compressive  strength  of  the 
wood£"',  ordinarily  need  not  be  considered  in  the  determination  of 
band  spacing,  for  reasons  previously  stated  (which  do  not  apply  to 
the  design  of  tanks,  owing  to  greatly  different  proportions  and  condi- 
tions). They  should,  however,  receive  careful  consideration  in  ascer- 
taining the  limits  of  pressure  for  stave  pipe  and  in  deciding  upon  the 
methods  to  be  followed  in  construction,  especially  in  regard  to  the 
extent  to  which  back-cinching  shoiild  be  carried  to  insure  a  tight  pipe. 
The  writer  has  made  a  series  of  experiments  to  determine  the  value  of 
E"  for  redwood  and  for  Oregon  fir,  which  show  widely  varying  results, 
partly  due,  no  doubt,  to  differences  in  the  wood  itself,  and  partly  to  the 
difficulty  of  securing  an  equal  degree  of  dryness  for  all  the  samples 
when  put  under  test. 
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Mr.  Henny.  The  test  pieces  were  generally  from  10  to  12  ins.  in  length,  and  they 
were  compressed  in  the  direction  of  their  width,  which  was  about  51 
ins.  The  thickness  varied  from  11  to  2.V  ins.  The  test  pieces  were 
placed  between  two  1-in.  iron  plates,  each  provided  with  a  hole  cor- 
responding to  a  hole  bored  through  the  sample  in  an  exactly  central 
position.  A  |-in.  bolt  was  passed  through  the  hole,  and  upon  the  in'O- 
jected  thread  was  placed  the  measui'ing  device  jjreviously  mentioned. 
The  pieces  had  been  kiln-dried  and  had  been  kept  in  a  dry  place  ready 
for  use,  but  it  is  very  probable  that  some  moisture  had  been  re- 
absorbed. The  bolt  was  usually  tightened  until  a  strain  of  from  4  500 
to  7  000  lbs.  was  reached,  and  then  the  test  piece  was  submerged  in 
water  either  with  the  original  strain  left  on  the  bolt  or  after  the  strain 
had  been  released  to  about  1  000  lbs.  or  less.  The  strains  were  read 
from  day  to  day  until  there  seemed  to  be  no  further  change,  when  the 
sample  was  taken  out;  or  it  was  put  back  in  the  water  with  the  strain 
increased  or  released  by  turning  the  nut;  or  it  was  placed  in  dry  air,  as 
indicated  in  Tables  14  and  15.  It  should  be  stated  that  the  maximum 
movement  permitted  by  the  spring  of  the  measuring  device  was  0.02 
in.  for  a  10  000-lb.  load. 

TABLE  No.  14. — Changes  of  Compbessive  Strain  in  Clear  Kedwood 
WHEN  Becoming  Saturated. 


27 

28 

29 

9 

10 

11 

4 

8 

12 

13 

1.5 

16 

17 

10-in.  test  pipe 

10      " 


Edge. 


Diagonal. 


Bastard. 


2^  X  12 

2i  X  12- 

2i  X  12 
U  X  10 
l|  X  10 
li  X  10 

liX  12-| 

I 
21  X  12-! 

1 
1,1  X  10 

U'xio 

1-X  X  10 

n  X 10 

li  X  10 
It 
It 


xio 

X    5 


2  3  m  a 

3  ^  to  S 
CO  3  aj  S 


50-  77  (20) 
171-187  (15) 

27-  60  (171 
30-  40  (12) 

197-184  (21) 
491-161  (27) 

44-161  (15) 
471-175  (32) 

31-104  (17) 

28-  53  (18) 
140-112  (12) 

24-  78  (14) 
317-131  (141 
239-141  (22) 
254-154  (24) 

74-108  (14) 

363-144  (21) 
51-116  (21) 
348-191  (18) 
333-167(21) 
404-245  (1) 
245-165  (33) 
282-277  (9) 


Weight  per 

FOOT  B.  M., 

IN  POUNDS. 

. 

.1^ 

?^§ 

a 

fc  '^ 

■2.^ 

i^.6 

n  0) 

<^ 

a 

a 

« 

X 

0) 

<D 

2.14 

3.04 

[-2.12 

3.25 

2.16 

3.01 

2.16 

3.09 

2.14 

3.02 

2.13 

3.30 

tl.88 

3.33 

I-1.75 

1 

2.21 

2.50 

3.38 

2.47 

3.29 

1.64 

2.25 

1.75 

2.79 

1.71 

3.29 

1 

Remarks. 


Grain  had  slipped  slightly 


[  Had  been  cinched  to  471 
j  before  release  and  sub- 
1  mersion,  and  grain  had 
t     slipped. 


Note. — Numbers  in  parentheses  indicate  duration  of  each  experiment  in  daj's. 
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TABLE  No.  15. — Changes  of  Compbessive  Strain  in  CijEar   Oregon  Mr.  Henuy. 
Fir  when  Becoming  Saturated  and  when  Drying. 


25 

26 

18-in.  test  pipe 

18     '■ 


Edge. 


Diagonal. 


S  e  " 


Weight  PER 

FOOT  B.  M., 
IN  Pounds. 


^S 


1^  X  10  I 


U  X  10 


ux  10 


Bastard. 


3't  X  10 


li  X  12 


li  X  10 


oS 


a  a 

3  -3  *>  a 

^  g  to  y 

te  S  a;  3 

Ph 


[511-306]  (17) 
306-122  (40) 
51-183 
75-122 
130-163 
88-156 


(14) 
(9) 
(B) 
(2) 


[156-  90J   (20) 


U  X  lO- 
14  X  10 


U  X  10 


1^  X  10 j 
li  X  10 

n  X  12- 

li  X  12  I 


'4 

13-  34 

28-  92 

274-129 

291-151 

122-  88 

[88-  34J 

[142-  34 J 

34-  88 

54-  68 

156-  99 

150-  99 

68-  75 


-2.80 
2.7 

'  2.e 


(16) 

(12) 

19) 

(19) 

(25) 

(10) 

(5) 

(8) 

(13> 

(9) 

(7) 

(6) 

(7) 


68-238  (14) 

61171  12) 

284-329  (5) 

9"  "^gs  i7) 

[295-  131  (15 i 

[123-  34]  i6) 

148-269  (14) 

288-153  (131 

7-  94  (17) 

30-  74  (19) 

33-121 


121-  97     (23) 


SB 


Remarks 


2.85  3.45 


3.01 


3.10 


Between  first  and  second 
experiments  test  piece 
was  plai-pd  alternately 
in  air  anfl  water,  and 
with  each  release  of 
pressure  from  drying, 
bolt  was  recinched. 

Test  piece  had  buckled, 
showing  a  detiect  ion  of 
0.07  in.  in  the  center. 


Test  piece  had  buckled, 
showing  a  deflection  of 
0.02  in.  in  the  center. 

Test  piece  had  buckled, 
showing  a  deflection  of 
0.06  in.  in  the  center. 


Same  as  test  piece  20. 


Note.— Numbers  in  parentheses  ()  indicate  duration  of  each  experiment  m  days. 
Figures  in  brackets  []  show  changes  of  pressure  in  dry  air;  all  other  figures  are  for 
test  piece  submerged  in  water. 

There  are  many  interesting  deductions  to  be  made  from  these  ex- 
periments.    The  writer  will  confine  himself  to  the  following : 

Bastard  grain  shows  a  decidedly  greater  swelling  power  and  com- 
pressive strength  than  either  edge  grain  or  diagonal  grain,  which 
renders  the  selection  of  bastard  grain  staves  very  desirable  for  the 
high  pressure  portions  of  a  pipe  line,  affording  a  further  advantage 
in  offei'ing  a  greater  safeguard  against  percolation.  It  will  also  be 
noted  that  after  the  first  swelling  strain  had  been  released,  the 
further  strain  from  swelling  never  reached  the  original  value  and 
generally  remained  considerably  below  it.  This  emphazises  the 
necessity  of  hard-cinching  the  bands  on  pipes  built  with  staves  that 
are  not  perfectly  dry,  a  condition  rarely  attained. 
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Mr.  Henny.  Another  interesting  point  brought  out  in  tlie  tests  with  fir  is  that 
repeated  wetting  and  drying  will  necessitate  repeated  screwing  up  of 
the  bolt  to  prevent  the  entire  release  of  the  pressure,  but  that  finally 
a  point  is  reached  when  drying  out  may  reduce  the  strain,  but  can  no 
longer  cause  complete  release,  which  is  of  importance  rather  in  tank 
than  in  pipe  construction. 

The  tests  with  10-in.  redwood  pipe  described  by  the  writer,  and 
those  with  18-in.  Oregon  fir  pipe,  mentioned  by  the  author,  have  both 
been  included  in  the  tables,  for  convenient  comparison.  In  regard  to 
the  former  some  further  remarks  may  not  be  out  of  place. 

The  band  on  the  pipe  with  10-in.  siiacing  had  originally  been 
screwed  up  to  a  tension  of  4  300  lbs.  (stave  compression  jjer  square 
inch,  404  lbs.;  band  pressure  per  lineal  inch,  702  lbs.).  This  fell  in 
one  day  to  2  600  lbs.  (stave  compression  per  square  inch,  245  lbs. ; 
band  pressure  per  lineal  inch,  425  lbs.),  evidently  as  a  result  of  a 
yielding  of  the  staves  in  width  as  well  as  under  the  band.  This 
strain,  in  the  course  of  twenty-nine  dri\s,  was  further  reduced  to 
1  750  lbs.  (stave  compression  per  square  inch,  165  lbs. ;  band  pressure 
per  lineal  inch,  285  lbs.)  where  it  remained.  As  with  water  pressure 
on  the  pipe  the  band  pressure  per  lineal  inch  increased  to  375  lbs. 
without  yielding,  it  is  apparent  that  the  final  reduction  in  lateral 
compression  of  the  staves  was  not  due  to  a  yielding  of  the  Avood  under 
the  band,  but  solely  to  lack  of  compressive  lateral  strength. 

Upon  the  termination  of  the  experiments  on  the  j^ipe  with  10  in. 
band  spacing  it  might  have  been  concluded  that  165  lbs.  per  square 
inch  was  the  permanent  compressive  strength  of  the  saturated  staves. 
Yet  when  the  band  spacing  was  reduced  to  5  ins.  the  same  staves  sus- 
tained a  compression  load  of  282  lbs.  per  square  inch,  which  load 
suffered  practically  no  reduction  during  the  nine  days  that  the  test 
lasted. 

Experiments,  few  in  number,  with  different  samples  of  redwood, 
under  varying  conditions,  may  not  offer  suificient  basis  for  scientific 
deductions,  still  the  writer  is  strongly  drawn  to  the  conclusion  that 
the  greater  compressive  strength  of  staves  in  pipe  with  5-in.  band 
spacing,  as  compared  with  that  of  staves  in  pipe  vith  10-in.  band  spac- 
ing, and  of  the  latter  as  compared  with  that  of  the  average  of  straight 
test  pieces,  may  well  result  from  the  side  support,  which  the  staves 
receive  from  the  surrounding  bands,  against  folding  and  buckling, 
which  was  frequently  observed  in  unsupported  test  samples. 

The  economy  in  the  use  of  oval  bands  on  small  pipe,  as  a  means  of 
securing  the  required  bearing  surface,  was  fully  pointed  out  by  the 
author.  The  difference  in  cost  per  pound,  between  oval  and  round 
bands,  as  quoted  by  the  mills,  is  unfortunately  not  as  trifling  as  was 
assumed,  although  in  general  the  writer  can  agree  with  the  author's 
table  No.  4,  giving  economic  proportions  for  pipe  design.     He  has. 
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however,  often  used  f-in.  round  bands  in  i^reference  to  oval  bands  on  Mr.  Henny. 
pipe  lines  smaller  tlaan  22  ins.  diameter,  in  case  the  pressures  gen- 
erally were  light,  because  up  to  a  certain  pressure  the  same  number  of 
round  bands  as  of  oval  bands  will  suflSce,  the  spacing  not  being 
governed  by  limited  bearing  surface,  but  by  possible  stave  deflection 
between  bands.  Up  to  that  pressure  the  use  of  round  bands  will 
therefore  be  more  economical,  and  when  the  higher  pressure  is 
reached,  where  the  cost  of  round  and  oval  bands  would  be  the  same, 
the  writer  prefers  the  use  of  the  former,  as  a  greater  weight  of  steel 
is  obtained,  causing  a  corresponding  increase  in  the  probable  life  of 
the  pipe  without  extra  exjjense.  If,  on  such  a  pipe  line,  scattered 
short  stretches  occur,  where,  so  far  as  purchase-price  of  material  is 
concerned,  there  would  be  economy  in  using  oval  bands,  it  remains 
an  objection,  from  the  practical  point  of  view  of  a  pipe  builder,  to 
make  frequent  changes  for  short  distances  from  the  one  to  the  other 
kind  of  bands.  The  author's  argument  applies,  however,  with  full 
force  to  pipe  lines  where  the  pressure  generally  is  high. 

The  alleged  disadvantage  of  oval  bands,  in  exposing  a  greater 
surface  to  corrosive  action  than  round  bauds,  is  more  apparent  than 
real,  at  least  so  far  as  the  adojited  sizes  are  concerned,  since  a  1%  x 
iVin.  oval  band  has  a  surface  exceeding  that  of  a  |-in.  round  band  by 
only  1.3  per  cent. 

An  important  subject  in  connection  with  stave  pipe,  which  the 
author  has  not  touched,  deserves  attention.  Reference  is  made  to 
the  possibility  of  leakage,  which,  in  view  of  the  relatively  large  num- 
ber of  seam  and  butt  joints,  might  well  predispose  those  who  have 
had  no  experience  with  it  against  stave  pipe.  The  author  has  men- 
tioned this  matter  in  his  paper  on  the  Astoria  Water-Works,*  where  a 
test  of  tightness  of  some  three  miles  of  18-in.  stave  pipe  was  de- 
scribed. It  is  believed  that  he  has  lately  made  some  additional 
measurements  on  this  subject,  a  statement  of  which  would  un- 
doubtedly add  to  the  value  of  the  paper. 

James  D.  Schuyx,ek,  M.  Am.  Soc.  C.  E. — This  pajjer  will  be  ac- Mr.  Schuyler, 
cepted  by  the  friends  and  advocates  of  Avood  stave  pipe  as  the  most  sys- 
tematic and  logical  analysis  of  the  subject  that  has  yet  been  attempted, 
and  the  aiithor  is  certainly  entitled  to  the  gratitude  of  the  profession 
for  the  very  clear  and  concise  statements  of  the  conclusions  to  be  drawn 
from  the  lessons  of  experience  with  this  class  of  pipe  up  to  the  present 
day. 

Reference  has  been  made  to  the  experiments  on  the  carrying  capa- 
city of  the  30-in.  line,  16.4  miles  long,  supplying  the  City  of  Denver, 
which  were  conducted,  in  1892,  under  the  supervision  of  the  writer. 
Unfortunately,  he  has  not  at  hand  the  notes  of  these  experiments  in 
detaU,  although  they  may  still  be  found  among  the  records    of  the 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxvi,  p.  1. 
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Mr.  Schuyler.  Water  Company.  In  brief,  tliey  consisted  of  a  careful  notation  of  the 
time  of  filling  a  measured  depth  in  the  reservoir  at  the  lower  end  of  the 
line,  all  outlets  being  carefully  closed  while  the  experiments  were  in 
progress.  They  extended  over  a  period  of  more  than  twelve  hours,  and 
were  checked  at  frequent  intervals  by  current- meter  observations,  at 
one  of  the  manholes,  where  the  jjijae  was  near  the  hydraulic  grade 
line.  The  result  of  the  experiments  gave  the  value  of  the  coefficient  ti 
in  Kutter's  formula  as  somewhat  less  than  0.10,  a  niimber  of  computa- 
tions having  been  made  of  progressive  measurements  during  the  pro- 
gress of  the  filling  of  the  reservoir,  within  the  time  stated.  These 
computations  gave  slightly  varying  results,  for  the  reason  that  the  pipe 
did  not  discharge  freely  at  the  top  of  the  reservoir,  but  entered  it  at 
the  bottom,  and,  as  the  water  rose,  the  hydraulic  gradient  was  con- 
stantly changing  and  lessening  the  velocity  in  the  pipe.  The  experi- 
ment, as  a  determination  of  the  capacity  of  a  wood  stave  jjipe  ^;er  se, 
was  further  complicated  by  the  fact  that  the  total  length  of  the  con- 
duit was  not  of  the  same  material,  but,  in  addition  to  the  87  580  ft.  of 
wood  pipe,  there  was,  near  the  lower  end,  17  145  ft.  of  30-in.  cast-iron 
pipe,  as  a  jjortion  of  the  line  involved  in  the  test,  and  also  a  cement- 
lined,  circular  tunnel,  36  ins.  in  diameter  and  2  288  ft.  in  length.  For 
these  reasons,  a  definite  determination  of  frictional  coefficients,  appli- 
cable to  the  wood  jjortion  of  the  conduit,  was  not  possible,  although 
the  results  appeared  to  justify  the  conclusion  drawn  in  a  former 
paper,*  that  the  coefficient  n  of  Kutter's  formula  was,  in  this  case,  as 
low  as  0.096  for  the  wood  pipe.  In  deriving  this  inference  it  was  neces- 
sary to  api^ly  to  the  cast-iron  portion  such  mean  coefficients  as  exper- 
ience with  that  class  of  pipe  seemed  to  warrant,  and  a  mean  of  a 
number  of  experiments  jjublished  in  Trautwiae  and  Hering's  transla- 
tion of  Ganguillet  and  Kutter's  work  was  used. 
Mr.  Adams.  Arthitr  L.  Adams,  M.  Am.  Soc.  C.  E. — The  discussions  and  corre- 
spondence present  much  that  will  be  of  substantial  value  in  reaching 
ultimate  conclusions  regarding  the  questions  to  which  the  pajjer  gives 
rise.  The  new  data  presented,  particularly  so  far  as  they  relate  to  the 
determination  of  probable  strains,  are  most  valuable,  and  in  some  re- 
spects would  seem  to  warrant  some  change  in  the  author's  assumptions, 
though  it  is  believed  without  influencing  the  final  results  very  much. 
Many  of  the  objections  taken  to  the  author's,  statements  have,  on  the 
other  hand,  arisen  from  an  imperfect  perusal  of  the  paper,  a  failure  to 
grasp  the  measure  of  its  intended  scope,  and,  to  some  extent,  from  a 
very  imjierfect  knowledge  of  the  subject  treated. 

Mr.  Henny  has  contributed  a  most  interesting  discussion,  the  sub- 
ject being  one  on  which  he  is  remarkably  well  qualified,  by  experience, 
thought  and  experiment,  to  sj)eak.  The  tables  of  experimental  results 
are  interesting,  and  constitute  a  substantial  addition  to  existing  knowl- 

*  Transactions,  Am.  Soc  C.  E.,  Vol.  xxxi,  p.  144. 
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edge  of  a  subject  at  best  uot  much  investigated.  He  contends  with  Mr.  Adams, 
much  clearness  and  force  in  favor  of  the  use,  under  all  conditions,  of 
the  formulas  designated  bv  the  author  as  (C)  and  {D)  for  the  determina- 
tion of  band  spacings,  instead  of  formulas  {A)  and  {B),  claiming  that  the 
sum  of  all  strains  transmitted  to  the  bands,  additional  to  that  resulting 
from  water  pressure,  cannot  be  determined  by  the  summation  of  the 
same.  The  author  is  disposed  to  believe  this  j^oint  well  taken,  as  set 
forth  in  the  formiila  [h),  but  the  results  of  further  experimentation  to 
determine  the  amount  of  swelling  strain,  which  he  siibmits,  would  seem 
to  indicate  as  advisable  the  assumption  for  E"  oi  a  figure  considerably 
greater  than  the  100  lbs.  per  square  inch  suggested  by  the  author;  and 
since  the  maximum  pressure  suitable  for  stave-pipe  constructions  is  not 
greater  than  this,  while  the  average  pressvire,  in  its  economic  field  of 
usefulness-,  is  very  much  less,  it  would  seem  that  the  factor,  E"  t  f, 
would  always  j)redominate  in  the  production  of  band  strain  rather  than 
the  P/f  t.  The  formula,  S  =  P  f  [R  -\-  |  t),  gives  the  band  strain  ina 
pipe  which  is  just  free  from  seam  leakage  and  little  more.  This  is  the 
minimum  permissible,  and  not  the  strain  probably  prevailing.  The 
a^uthor  can  scarcely  agree  with  the  contention  that: 

"  When  pressure  comes  on,  the  staves  will  be  forced  outward,  owing 
to  the  comi^ression  of  the  wood  immediately  under  the  bands,  *  *  *. 
While  this  motion  is  small  it  lessens  materially  the  lateral  compression 
of  the  staves,     *     *     *. " 

Redwood  shrinks  transversely  in  drying  about  4  per  cent.  So  long 
as  the  proportions  are  restrained  much  below  that  originally  prevailing, 
it  must  be  capable  of  exerting  pressure.  An  increase  of  even  1%  in  the 
width  of  the  staves  by  swelling  would  cause  an  increase  of  1.03  ins.  in 
the  diameter  of  a  30-in.  pipe,  thus  necessitating  the  further  sinking 
of  the  bands  h  in.  into  the  staves,  if  the  strain  from  this  source  is  to  be 
thus  materially  lessened.  If,  therefore,  either  factor  is  to  be  omitted 
from  the  formulas,  in  deference  to  the  first  contention,  it  should,  as 
previously  stated,  be  X,  or  its  assumed  equivalent  P/f  t,  rather  than 
E"  tf.  Such  a  modification,  with  some  such  increase  in  value  to  be 
assigned  to  E"  as  the  latter  experiments  seem  to  warrant,  will  not  ma- 
terially affect  the  results  set  forth  in  the  table  of  probable  strains  pre- 
vailing in  diflerent  pipe  lines. 

In  struettiral  work,  a  suitable  factor  of  safety  is  a  provision  against 
failure  from  more  or  less  unavoidable  defects  in  material,  from  strains 
abnormal  or  indeterminable,  originating  from  within  or  without  the 
structure,  and  against  undue  termination  of  life  from  deterioration. 
The  author  does  not  think  that  a  proper  regard  for  these  requirements 
will  ever  warrant  the  designing  of  a  pipe  along  lines  anticipating  the 
straining  of  the  materials  even  temporarily  beyond  the  elastic  limit; 
and  he  believes  that  he  has  already  shown  that,  at  least  in  pipes  of  any 
considerable  size,  the  yielding  of  the  wood  beneath  the  bands  cannot 
be  counted  on  to  afford  much  release  of  the  strain  from  swelling  timber. 
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Mr.  Adams.  The  diflferences  in  bearing  power  of  tlie  staves,  per  unit  of  contact 
for  bands  of  different  diameters,  as  experimentally  determined,  are  cer- 
tainly worthy  of  careful  consideration. 

Regarding  the  degree  of  unavoidable  leakage  in  stave  pipe,  concern- 
ing which  inquiry  is  made,  the  aiithor,  in  the  siimmer  of  1898,  experi- 
mented on  a  4i-mile  section  of  14-in.  stave  pipe  designated  as  No.  13  in 
Table  No.  5.  The  pipe  is  subject  to  a  maximum  pressure  of  about  60 
ft.,  and  an  average  of,  perhaps,  25  or  30  ft.,  and  is  so  located  that  the 
pressure  is  not  miich  affected  by  the  volume  of  discharge. 

The  rate  of  flow  was  measured  by  stationary  weirs  and  hook-gauges 
set  in  masonry  structures  at  each  end  of  the  line.  The  weirs  are  4  ft. 
in  length,  and  the  rate  of  discharge  was  first  reduced  to  a  head  of 
about  1  in.  No  loss  was  discernible.  That  the  test  might  be  made 
more  delicate,  and  unavoidable  errors  better  eliminated,  a  temporary 
weir  only  8  ins.  in  length  was  substituted  in  both  cases,  and  the  flow 
further  reduced  to  a  head  of  about  1  in.  Again,  no  loss  was  dis- 
cernible, and  the  author  considered  himself  justified  in  pronouncing 
the  pipe  without  leakage.  Each  test  was  continued  for  some  time 
after  the  low-stage  uniform  flow  was  attained. 

Mr.  O'Rourke  thinks  the  limitations  of  economic  usefulness  of  stave 
pipe,  in  reference  to  first  cost,  should  be  more  closely  defined.  The 
author  has  already  pointed  out,  page  57,  that  this  line  is  not  a  con- 
stant, but  is  variable,  not  only  for  tlifferent  points  but  even  for  the 
same  point.  Tables  Nos.  8  and  9  are  sufficiently  extended  to  make 
manifest  by  inspection  the  position  of  this  line  at  the  points  desig- 
nated. 

When  buried  in  moist  earth,  no  more  serious  objections  than  those 
the  author  has  suggested  can  be  urged  against  the  use  of  thicker 
staves,  except  that  it  constitutes  a  needless  increase  in  cost;  but  ex- 
jDcrience  has  amply  demonstrated  that  when  exposed  to  the  action  of 
the  air,  the  i^rocess  of  wetting  and  drying  incident  to  the  varying  rate 
of  surface  evaporation,  will  in  a  few  years  induce  decay  on  the  outer 
surfaces  of  thick  staves. 

On  page  53  a  long  life  for  light-gauge  riveted  pipe,  under  favorable 
conditions  of  soil,  is  already  conceded;  but  where  soil  destructive  to 
steel  pipe  exists  in  such  abundance  as  on  the  Pacific  Coast,  a  note 
book,  not  to  be  misleading,  should  contain  both  extremes,  rather  than 
one. 

There,  also,  will  be  found  the  author's  reasons  for  including  in  the 
tables  steel  of  greater  thickness  than  the  pressure  alone  requires. 

If  the  statement  therein  made  that  "the  exceptions  are  instructive, 
and  fully  vindicate  the  position  assumed  by  many  engineers,  who,  for 
jjermanent  work,  have  recognized  the  necessity  for  a  considerable 
thickness  of  metal,  independent  of  the  demand  for  a  sufficient  factor 
of  safety  against  bursting,  and  who  accord  little  favor  to  pijjes  of  a 
very  light  gauge,"  is  not  sufficient,  the  author  would  suggest  a  study 
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of  the  minimum  thickness  adopted  in  most  of  the  leading  structures  Mr.  Adams, 
of  this  type.     The  following  come  at  once  to  mind: 

East  Jersey  Water  Company \      in. 

New  Kochester  Works 1       " 

Portland,  Ore.,  Conduit 0.203  " 

Coolgardie 4-       " 

The  statement  that  the  waters  of  the  Pacific  Coast  States  "are 
nearly  always  hard,"  will  come  as  a  shock  to  the  engineers  familiar 
with  that  region  of  granite  and  basalt;  and  likewise  startling  is  the 
statement  that  tuberculation  does  not  there  exist.  The  writer  has 
taken  up  east-iron  pipe  in  Oregon,  which,  after  carrying  water  from  a 
mountain  stream — the  source  in  the  Northwest  most  frequently  util- 
ized— for  nine  years,  was  all  so  heavily  tuberculated  as  to  certainly 
reduce  its  carrying  capacity  25%",  while  a  recently  completed  and 
exhaustive  examination  of  the  works  of  the  Los  Angeles  City  Water 
Company  by  a  commission  of  four  engineers,  of  which  the  author  was 
one,  disclosed  the  fact  that  all  pipes  were  tuberculated  after  being  in 
service  only  six  years.  It  was  estimated  by  the  commission  that,  on 
an  average,  the  capacity  of  cast-iron  pipe  was  diminished  from  this 
cause  10%  in  the  first  ten  years,  and  thereafter  at  the  rate  oi  ^  %  per 
annum.  Some  of  the  pipes  examined  had  been  in  service  thirty  years, 
and  the  water  conveyed  by  them,  containing  about  26  grains  of  solid 
matter  per  gallon,  chiefly  carbonates  of  lime  and  magnesia,  would  be 
classed  among  the  harder  waters  of  the  Pacific  Coast. 

The  table  of  probable  relative  discharging  caiDacities  is  not  in- 
tended to  be  either  prophetic  or  more  exact  than  the  present  state  of 
investigation  warrants.  Many  modifications  will  doubtless  be  ren- 
dered necessary  by  the  results  of  future  experiment.  The  author  has 
nowhere  claimed  more  for  the  table  than  that  it  is  abreast  of  the 
present  knowledge,  and  while  freely  admitting  the  presence  of  appar- 
ent iri-egularities,  and  the  need  for  much  additional  investigation,  he 
has  no  hesitancy  in  affirming  that  the  order  of  relative  discharging 
efficiency  of  the  different  classes  of  pipes,  as  set  forth  in  the  paper, 
will  not  be  changed.  The  diflference  will  be  one  simply  of  degree,  not 
of  fact.  That  it  is  substantially  abreast  of  present  knowledge  he 
strenuously  insists;  and,  in  atldition  to  what  has  already  been  said 
relative  to  this  matter,  only  wishes  to  refer  the  skeptical  to  that 
admirable  review  of  nearly  all  existing  data  on  the  discharge  of  riveted 
pipes  of  large  size,  as  set  forth  in  Herschel's  "115  Experiments" 
new  and  old,  and  to  state  that  experiments  on  any  conduit  having  a 
smooth  interior,  sheds  much  side  light  on  the  probable  discharge  of 
stave  pipe.  The  admirable  experiments  of  Messrs.  Stearns  and  Fitz- 
Gerald,*  on  a  double  line  of  *4-ft.  cast-iron  pipe,  tuberculated  and 
*  Transactions.  Am.  Soc.  C.  E.,  Vol.  xxxv,  p.  241. 
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Kr.  Adams,  clean,  are  valuable  in  this  connection. 

Mr.  Holbrook  says  stave  pipe  was  in  use  as  early  as  1865.  Mr.  J. 
D.  Fouquet,*  M.  Am.  Soc.  C.  E.,  says  as  early  as  1850.  J.  T.  Fan- 
ning,! M.  Am.  Soc.  C.  E.,  says  lie  built  a  line  6  ft.  in  diameter  at 
Manchester,  N.  H. ,  in  1874.  Mr.  Le  Conte  says  it  has  been  in  use 
eight  years. 

All  that  Mr.  Patton  states  regarding  the  experience  with  stave  pipe 
at  Cheyenne  is  exactly  what  might  be  expected  under  conditions  so 
manifestly  unsuited  for  its  use  as  there  prevailed. 

The  author  has  from  time  to  time  heard  that  growths  may  occur  in 
stave  pipe,  but  has  yet  to  learn  of  a  single  instance  where  anything  of 
the  kind  has  occurred,  with  the  pipe  constantly  full  and  under  pressure. 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxi,  p.  172. 
t  Transactions,  Am.  Soc.  C.  E.,  Vol.  vi,  p.  72. 
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An  Ineoemal  Discussion  presented  at  the  meetings  of  the  Society 
ON  Septembee  21st  and  Novembee  2d,  1898. 


James  Owen,  M.  Am.  See.  C.  E. — The  question  of  road  construction  Mr.  Owen. 
in  latter  years  has  assumed  a  somewhat  different  aspect  from  that 
which  it  bore  some  five  or  six  years  ago  when  the  subject  was  rather 
thoroughly  discussed  by  the  members  of  this  Society. 

Attention  should  be  called  to  what  may  be  termed  the  comi^e- 
tition  in  the  road  question  as  evidenced  by  the  lowering  of  the 
prices  for  ordinary  street  pavements.  The  speaker  remembers  the 
time  when  the  cost  of  building  a  telford  pavement  was  about  ^2  per 
yard.  To-day  asphalt  pavements  are  being  built  at  a  cost  of  about 
^1.38  per  yard,  and  the  engineer,  in  selecting  a  pavement,- — if  he  has  any 
discretion  in  selecting  — might  suggest  to  his  clients  that  it  might  be 
better  in  many  places  to  choose  a  permanent  street  pavement,  at  the 
lower  price  which  it  now  costs,  than  an  ordinary  macadam  road. 
This  idea  is  advanced  because  it  seems  to  solve  a  good  many  prob- 
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Mr.  Owen.  lems.  The  construction  of  macadam  or  telford  roads  extends  through 
difierent  territories  and  different  kinds  of  pojjulation,  and  can  be 
divided  into  what  mav  be  called  mural,  suburban  and  rural.  Now, 
each  of  these  kinds  of  road  requires,  to  a  certain  extent,  a  special  treat- 
ment, as  far  as  construction  for  the  travel  and  the  available  funds  with 
which  to  construct  it  are  concerned;  and  it  seems  to  the  speaker  that 
it  would  probably  be  better  to  confine  the  discussion  to  rural  roads, 
because  in  the  future  more  permanent  and  less  destructible  pavements 
will  be  substituted  in  a  great  many  cases,  where  macadam  would  now 
be  built. 

There  are  two  points  to  which  attention  should  now  be  called:  First, 
the  material;  and,  second,  the  handling  and  laying  of  the  material. 
Some  years  ago  the  speaker  read  a  pajser*  before  this  Society,  and  stated 
that  he  did  not  believe  in  thin  pavements,  or  in  anything  but  a  telford 
pavement,  as  far  as  macadam  was  concerned,  in  ordinary  circumstances. 
His  mind  has  not  very  materially  changed  in  this  respect,  and  he  still 
adheres  to  the  principle,  both  in  theory  and  practice.  Mr.  Leutze  states 
that  he  put  down  an  8-in.  macadam  road.  The  speaker  hardly  thinks 
this  is  a  wise  practice,  and  believes  that  a  road  would  be  cheaper,  vei:y 
serviceable,  and  would  give  better  results  if  5  ins.  of  telford  and  3  ins. 
of  macadam  were  used  instead  of  8  ins.  of  macadam  only.  In  the  first 
place,  in  most  jiarts  of  the  country  there  is  available  local  stone,  which 
is  not  perishable,  which  can  be  used  for  a  foundation,  leaving  only  the 
final  finish  of  3  ins.  to  be  provided  from  other  sources.  In  the  speaker's 
opinion,  it  is  cheaper,  in  the  majority  of  cases,  to  build  an  8-in.  or  a 
10-in.  telford  than  an  8-in.  macadam,  and  the  final  results  are  much 
better. 

The  next  problem  is  the  question  of  the  selection  of  stone.  It  is 
conceded,  on  all  hands,  that  trap  rock  is  the  sine  qua  non  for  macadam 
and  telford  pavements.  There  are  difierent  kinds  of  trap  rock  and 
they  work  differently  in  treatment,  but  it  probably  will  be  agreed  by 
all  that  a  trap  rock  pavement,  if  it  can  be  built  as  cheai3ly,  or  even  at 
a  slightly  greater  cost  than  other  stone,  is  the  best.  Certain  country 
roads  built  with  granite  of  rather  a  soft  quality,  have  been  examined 
by  the  speaker,  and,  for  the  use  to  which  they  are  put,  they  are  quite 
successful.  A  well-selected  granite,  in  one  or  two  respects,  is  preferable 
to  trap;  it  is  more  friable,  and,  though  it  wears  out  a  little  faster, 
it  does  not  break  up  in  dry  weather,  and  where  it  can  be  had  with  a 
short  haul  there  is  no  specific  objection  to  it.  Of  course,  granite  con- 
taining too  much  mica  will  not  be  successful. 

In  a  limestone  country,  if  properly  handled,  properly  laid  and 
judiciously  finished,  successful  results  can  be  had  with  a  good  lime- 
stone road.  Its  defects  are  known.  It  grinds  out  more  easily  than  either 
trap  or  granite.     It  is  dusty.     It  is  also  known  that  a  limestone  road 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxvi,  p.  603. 


DISCUSSION    ON"    ROAD    BUILDING.  87 

is  much  preferable  to  any  other  construction,  except  either  trap  or  Mr.  Owen, 
granite. 

Then  there  is  the  local  use  of  the  shales  and  gravels  without 
treatment.  Construction  of  a  permanent  gravel  road  on  an  aborigi- 
nal granite  foundation  can  hardly  be  classified  as  an  engineering 
improvement  in  the  way  of  roads.  Yet  the  proper  use  of  gravel,  care- 
fully handled,  thoroughly  rolled  and  well  selected,  can  make  a  very 
satisfactory  road  for  Mr.  North's  suggestion  of  nine  months  in  the 
year,  but  not  for  more  than  the  nine  months.  There  are  also  the  shales, 
which  can  be  treated  and  make  really  a  better  road  for  nine  months 
in  the  year  than  limestone. 

In  naming  these  materials,  nearly  all  the  material  for  roads  in  this 
section  of  the  country  has  been  exhausted.  In  the  southern  States 
there  are  other  materials.  In  Tennessee  there  is  an  excellent  natural 
material  that  makes  fair  traveling  roads;  and,  of  course,  in  the  South, 
roads  are  not  so  apt  to  be  broken  up  by  frost,  and  all  the  care  neces- 
sary is  to  keep  the  water  away  and  keep  them  from  washing  out. 

In  regard  to  the  size  of  the  stone,  the  speaker  some  years  ago  laid 
down  as  a  principle  that  all  stone  for  roads  should  pass  through  a  If 
or  Ij-in.  ring.  He  has  modified  this  view,  having  found  that  the 
locality  of  the  roads  should  be  considered,  and  now  he  classifies  the 
sizes  of  the  stone  according  to  the  character  of  the  travel.  "While  a 
very  satisfactory  driving  road  can  be  secured  from  lA-in.  stone,  for 
ordinary  country  travel  and  for  nice  driving  travel  in  a  suburban 
commimity,  the  same  cannot  be  said  where  travel  is  heavily  con- 
gested ;  and,  of  late  years  in  his  practice,  the  size  has  been  in- 
creased to  from  2  to  3  ins. ,  not  only  on  the  score  of  economy,  but  to 
secure  better  results  and  a  better  and  more  uniform  surface  ; 
while,  by  the  abandonment  of  the  ideal  Ij-in.  stone,  the  smooth  sur- 
face is  sacrificed,  and  a  generally  better  average  result  is  obtained  by 
the  use  of  the  larger  stone.  It  does  not  do  to  have  the  sizes  mixed. 
If  a  road  is  built  with  2i-in.  or  3-in.  stone,  it  should  be  all  22-in. 
or  3-in. — no  dust,  no  small  stone  intermixed.  If  on  a  road  there  is  a 
patch  of  2-in.  stone,  and  then  beyond  that  a  little  patch  of  l|-in.,  the 
latter  will  wear  out  more  quickly  than  the  former,  and  in  a  year  or 
two  there  will  be  an  uneven  surface,  which  should  be  avoided.  The 
speaker  wishes  here  to  emphasize  this  point  to  those  who  manage 
the  industry,  in  which  a  large  amount  of  capital  is  invested,  of  break- 
ing stone  for  the  market.  The  difiiculty  is  that  in  the  arrangement  of 
the  crackers  and  the  adjustment  of  the  screens  sufficient  consideration 
is  not  given  to  separating  the  uniform  sizes  of  stone  to  be  delivered. 
The  men  who  handle  the  stone  crackers  and  stone  breakers  are  too  apt 
to  dump  it  in  a  heap,  and  if  2-in.  stone  is  asked  for,  the  answer  is: 
*'  We  will  give  you  a  little  finei-,  but  it  doesn't  hurt."  It  does  hurt. 
The  use  of  anything  but  uniform  sizes  is  a  material  drawback  to  the 
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Mr.  Owen,  final  success  of  the  road.  If  engineers  will  insist  on  that  point,  the 
result  on  the  wear  and  tear  of  the  roads  will  be  much  more  satisfac- 
tory, not  only  to  the  engineer,  but  to  the  community. 

The  question  of  the  top  finishing  of  the  road  is  a  matter  about 
which  the  speaker  is  not  particularly  solicitous.  The  top  finishing 
of  a  road  is  an  accessory.  If  on  a  heavily  traveled  road  a  coating 
of  dust  is  placed,  it  probably  will  last  from  one  to  three  months, 
after  which  the  travel  is  down  on  the  hard  wearing  surface  below.  In 
roads  that  are  constructed  for  fancy  driving,  dust  is  a  very  pleasant  ac- 
cessory, and  is  desirable  on  that  account ;  on  a  rarely  traveled  country 
road  it  is  very  desirable  because  it  prevents  the  breaking  up  of  the 
stone  surface  below  in  dry  weather,  and,  to  a  certain  extent,  prevents 
wash  in  very  wet  weather.  Generally  speaking,  however,  the  question 
of  the  dust  is  not  of  importance.  A  suggestion,  however,  has  been 
made  that  a  mixture  of  the  trap  rock  as  the  ideal  stone  and  the  lime- 
stone, which  has  a  better  cementing  power,  might  be  advisable. 

Another  point  of  which  mention  might  be  made  is  a  much  contro- 
verted question — the  packing,  that  is,  the  injection  of  extraneous 
matter  with  the  stone  for  the  purpose  of  binding.  This  jsacking  is 
nothing  but  a  temporary  expedient  to  get  the  road  down  to  its  per- 
manent condition,  and,  as  such,  is  a  detail  of  construction  and  not  a 
permanent  factor  in  the  wear  and  tear  of  the  road.  A  great  deal  of 
controversy  has  arisen  as  to  whether  gravel,  sand,  clay  or  loam  is  the 
best  material  for  packing.  In  the  speaker's  experience  almost  any 
available  material,  carefully  selected,  will  do  the  work  required  of  it. 
Gravel  or  sand  may  be  used,  but  the  speaker  does  not  recommend 
either.  Clay  should  be  used  very  sparingly.  Ordinary  earth,  or 
loam,  as  it  is  called  here,  is  about  the  most  efficacious  material  to  use 
for  the  purpose  of  getting  a  road  down  speedily.  Clay  is  treacherous. 
The  speaker  has  known  a  piece  of  road  to  be  utterly  ruined  by  an  over- 
dose of  clay  in  its  construction.  It  breaks  the  road  uj)  continuously, 
and  the  damage  is  never  rectified  until  another  coating  is  put  on  to 
eliminate  the  original  error.  It  is  merely  a  question  of  judgment 
on  the  ijart  of  the  engineer  as  to  how  he  will  use  packing,  and 
in  using  that  judgment  the  element  of  weather  is  the  most  important 
consideration,  outside  of  the  question  of  the  character  of  the 
stone  itself.  A  hard  Orange  Mountain  stone  needs  a  great  deal 
more  packing  to  get  it  down  than  does  the  Bergen  trap  stone, 
and  a  Bergen  trap  stone  needs  a  great  deal  more  than  granite.  The 
granite  wants  very  little.  The  limestone  wants  hardly  any  at  all. 
The  shale  furnishes  its  own  jjacking.  But,  going  back  to  the  point 
mentioned,  the  weather  is  an  important  consideration  in  this  item  of 
of  iDackiug — not  only  the  weather  as  it  is  to-day,  but  the  probable 
weather  conditions  that  may  exist  in  the  two  or  three  months  before 
the  road  is  finally  consolidated.     If  a  period  of  dry  weather  can  be 
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anticipated,  it  is  reasonable  and  desirable  that  a  great  deal  more  pack-  Mr.  Owen, 
ing  should  be  lised  than  if  the  road  is  built  late  in  the  fall  when  there 
is  a  i3ros23ect  of  wet  weather  ahead.  In  the  latter  case  packing  should 
be  used  very  sparingly.  It  is  entirely  a  matter  of  experience  and 
judgment.  If  care  is  used  in  the  selection  and  application  of  the 
packing,  a  great  deal  of  the  trouble  that  engineers  find  in  building 
roads  throughout  the  country,  and  the  criticisms  made  that  the  pack- 
ing should  not  be  there,  does  not  belong  there,  and  that  it  is  a  fraud 
on  the  part  of  the  contractor  to  put  it  there,  will  be  eliminated. 

The  speaker  has  known  whole  communities  torn  to  pieces  on  the 
question  of  packing,  and  governing  bodies  indicted  on  the  question, 
simply  because  the  public  mind  was  not  educated  as  to  what  was 
proper  practice  at  that  place  and  time. 

There  is  one  other  point  which  bothers  all  who  are  building  roads, 
namely,  the  interjection  of  a  trolley  track  in  the  middle  of  a  telford 
pavement,  and  it  is  very  important  that  it  should  be  discussed.  The 
conditions  of  maintenance  of  a  pavement  with  a  trolley  track  in  it  are 
entirely  different  from  the  conditions  of  the  ordinary  road  on  which 
the  travel  is  uniformly  spread  over  the  entire  siirface.  The  laying  down 
of  a  rail,  and  the  laying  of  a  pavement  on  each  side  of  the  rail,  causes  a 
distinct  and  well-defined  line  of  travel  on  each  side  of  the  track.  The 
trouble  is  that  instead  of  the  jjavement  wearing  uniformly  over  its 
surface,  that  hete  noire  of  all  road  engineers — the  rut — is  started.  This 
question  of  ruts  is  one  of  the  most  im^Dortant  with  which  we  have  to 
deal.  In  the  last  two  or  three  years  the  speaker's  practice  has  been 
changed  altogether.  Instead  of  2^-in.  stone  he  uses  3-in.  stone,  and 
each  side  of  the  track  is  made  a  separate  roadway  of  itself  with  its 
own  individual  crown.  The  experiment  of  putting  a  coating  of  gravel 
on  the  top  pavement,  at  first  as  a  matter  of  economy,  has  also  been 
tried.  Experience  shows  that  the  increase  of  wear  and  tear  and  the 
cost  of  maintaining  a  similar  area  of  roadway  on  each  side  of  a  trolley 
track  is  about  twice  what  it  would  be  with  the  ordinai-y  condition  of 
a  single  macadam  or  telford  road.  In  Providence,  which  is  practically 
a  macadam  city,  the  same  problem  has  arisen.  It  is  honeycombed 
with  trolley  tracks  like  all  American  cities,  and  in  maintaining  th^ 
roads  larger  stone  is  being  used.  The  City  Engineer  of  Providence 
in  1897  said,  in  reply  to  a  question,  that  the  final  result  arrived  at 
there  was  to  rip  them  all  out.  It  may  be  that  that  will  be  the  only 
solution.  Up  to  now  there  has  been  no  satisfactory  solution  of  the 
maintenance  of  that  kind  of  road-bed. 

W.  E.  McClintock,  M.  Am.  Soc.  0.  E.^In  Massachusetts,  in  1892,  Mr.McClintock 
a  temporary  Commission  was  appointed  to  investigate  the  whole  tojjic 
of  road  building  in  that   State.     In  1893  the  Commission  was  made 
permanent.     In  1894  it  was  given  an   appropriation  of   ^300  OCO;  in 
1895  it  was  given  $500  000;  in  1896,  $600  000;  in  1897,  $800  000,  and  in 
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Mr.McClintock  1898,  $400  000,  all  of  -which  was  to  be  expended  upon  roads  petitioned 
for  by  the  Selectmen  of  the  different  towns  or  the  Commissioners  of 
the  different  counties. 

A  comprehensive  scheme  was  first  laid  out,  which  included  main 
roads  throughout  the  length  and  breadth  of  the  Commonwealth, 
amounting  in  the  aggregate  to  about  2  000  miles,  and  an  effort  was 
made  to  direct  the  petitioners,  to  a  certain  extent,  so  that  the  roads 
petitioned  for  might  form  parts  of  a  completed  whole.  Up  to  the 
present  time  there  have  been  received  by  the  State  Commission  460 
different  petitions,  covei'ing  1  094  miles  of  road,  and  of  these  jjeti- 
tioned  roads  there  have  been  laid  out  and  constructed  223  miles. 
Each  mile  of  road  which  has  been  constructed  forms  a  part  of  one  of 
the  main  roads  before  mentioned.  The  Commission  at  the  beginning 
of  its  work  selected  the  most  difficult  roads  for  treatment,  the  object 
of  this  action  being  two-fold:  first,  to  better  the  entire  road  by 
removing  the  heaviest  obstructions  to  travel,  and,  second,  to  show 
a  reduced  average  cost  rather  than  a  uniform  or  increasing  cost.  In 
taking  the  cost  of  work,  as  it  has  been  carried  out  in  Massachusetts, 
this  fact  must  always  be  borne  in  mind.  The  average  cost  of  the  work 
done  by  the  Commission  has  been  $10  300  a  standard  mile,  of  broken 
stone  road  15  ft.  wide,  with  gravel  shoulders  3  ft.  wide  on  each  side 
of  the  stone,  and  including  the  incidental  items  of  grading,  draining, 
foundation,  culverts,  bridges,  fencing,  engineering,  etc. 

When  road  engineers  fail  to  agree,  the  probabilities  are  that  their 
conditions  are  entirely  different.  In  describing  the  work  which  has 
been  done  by  the  Commission  in  Massachusetts,  perhaps  it  might  be 
well  to  first  outline  the  conditions  which  are  to  be  found  there. 

The  topography  of  the  State  may  be  generally  described  as  follows : 
Cape  Cod,  a  narrow  strip  of  land,  extends  from  60  to  80  miles  into  the 
sea,  and  is  the  eastern  part  of  the  State.  In  the  main  it  is  made  up  of 
sand,  with  a  high  moraine  ridge,  extending  lengthwise  through  the 
center.  This  moraine  is  made  up  mostly  of  a  hard,  boulder  till,  with 
large  masses  of  schist,  slate,  and  granite,  either  embedded  in  the  till  or 
scattered  over  the  surface.  The  south  side  of  the  moraine  is  of  a  sandy 
nature  and  devoid  of  stone.  The  north  side  of  the  moraine  is  well 
supplied  with  field  stone,  mostly  granitic,  in  sizes  varying  from  a  few 
inches  to  many  feet  in  diameter.  There  are  a  few  available  banks  of 
clay.  Back  of  the  Ca^De  Cod  district  is  the  main  easterly  shore  belt, 
about  10  to  12  miles  wide,  which  is  of  volcanic  origin,  abounding  in 
trap,  felsite,  granite  and  conglomerate,  any  one  of  which  stones  makes 
good  road  material,  while  some  of  them  are  of  the  best  quality  for  this 
purpose.  Then,  working  westerly,  there  is  a  broad  area  known  as  the 
"Worcester  Plateau,  mostly  drift.  The  native  rock  in  this  section  is 
either  schist,  slate  or  gneiss,  none  of  which  can  be  advantageously 
used  in  the  construction  of  roads.    Westerly  of  the  Worcester  Plateau 


DISCUSSION    ON    KOAD    BUILDING.  91 

comes  the  Conuecticut  Valley,  with  a  long  ridge  of  high  hills,  made  Mr.McClintock 
Tip  almost  entirely  of  trap  rock,  beginning  near  the  northern  end  of 
the  State,  following  the  river  across  the  State  and  continuing  into  and 
across  Connecticu.t.  Westward  of  the  Connecticut  Valley  is  another 
level  area  in  which  is  to  be  found  a  poor  grade  of  field  stone,  but  no 
good  ledges.  Then  comes  the  Berkshire  Hills  district,  which  is  prac- 
tically devoid  of  good  road  material,  the  main  Berkshire  Hills  being 
composed  of  schistose  and  lime  rocks,  with  small  quantities  of 
quartzite. 

Large  crushing  plants  have  been  set  up  at  various  points  on  the 
lines  of  railroads,  and  these  supply  broken  trap  rock  to  different  parts 
of  the  Commonwealth.  The  stone  thus  delivered  varies  in  price  from 
$1  to  $1.40  per  ton  on  the  car  at  its  destination.  All  the  larger  com- 
munities can  be  supplied  economically  in  this  manner,  but  when  the 
road  to  be  built  lies  two  or  more  miles  from  the  delivery  point,  the  in- 
creased cost  of  haulage  over  the  highway  makes  it  necessary  to  aban- 
don the  trap  and  use  the  native  rock,  even  though  it  be  of  poor  quality. 
Quartzite  has  not  given  good  resvilts,  as  it  lacks  binding  properties. 
Schist  or  slate  has  not  been  used.  Lime  rock  has  been  used  in  one 
road,  where  it  gives  a  good  bond,  but  wears  rapidly.  Mixed  field  stone 
has  a  good  bond,  but  wears  so  as  to  leave  the  harder  stone  i^rojecting 
above  the  surface.  Better  results  can  be  obtained  if  the  hard  stones 
be  picked  out  and  broken  by  themselves  for  use  in  the  wearing 
course.  Some  of  the  harder  granitic  rocks  are  difficult  to  roll,  but 
when  thoroughly  rolled  make  a  good  road.  Gneiss  and  the  softer 
granitic  rocks  have  not  been  used. 

In  almost  all  these  territories  the  coimtry  is  undulating,  with  hills 
varying  from  100  ft.  to  2  500  ft.  high  at  points  traversed  by  roads,  so  that 
the  grade  problem  is  an  imiJortant  one,  and  the  cost  of  grading  must  be 
taken  into  account.  The  Berkshire  Hills  district,  or  the  western  part 
of  the  State,  abounds  in  clay.  Over  this  clay  the  old  roads  have 
been  built,  and  during  certain  seasons  they  are  practically  impassable. 
The  roads  of  this  section,  as  well  as  like  roads  in  other  parts  of  the 
Commonwealth,  have  been  treated  specially  as  clay  roads,  and  the 
greatest  possible  care  has  been  exercised  to  secure  good  foundations 
and  perfect  drainage.  In  laying  out  the  work,  and  at  the  very  begin- 
ning, the  subject  of  cost  was  to  a  certain  extent  ignored,  the  object 
being  to  get  the  best  road  j^ossible,  and  one  which  would  require  the 
least  annual  outlay  for  maintenance.  The  engineer  was  instructed  to 
prepare  and  bring  in  a  plan  for  as  long  a  road  as  could  be  built  for  a 
certain  stipulated  amount  of  money,  say  S5  00i»,  $10  000  or  $20  000. 

His  instructions  were  that  a  grade  of  5%  should  not  be  exceeded 
unless  by  sj^ecial  vote  of  the  Board.  The  laws  granting  damages  are 
so  liberally  interpreted  by  all  jixries  in  the  State,  that  it  has  been 
found  necessary  to  protect  every  embankment,  having  a  height  of  say 
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Mr.McOintock  2  ft.   or  more,  by  a  substantial  guard  rail,  and,  therefore,  this  item 
must  be  considered  in  studying  the  cost  of  the  construction. 

The  strictest  attention  has  been  paid  to  drainage.  Where  the  road 
passes  over  a  wet  or  non-porous  soil  of  any  kind,  it  has  been  drained 
in  the  most  substantial  manner  by  placing  one  drain  on  the  upper 
side  of  a  scarp  road,  and  on  both  sides  if  the  road  passes  through  a 
cut  or  over  a  level  bottom.  These  drains  have  all  been  given  a  pitch 
of  not  less  than  3  ins.  per  100  ft.  The  trenches  have  been  excavated 
2^  ft.  below  the  subgrade,  the  depth  increasing  on  level  stretches  to  give 
the  required  pitch.  From  2  to  3  ins.  of  fine,  porous  gravel  was  spread 
over  the  bottom  of  each  trench  after  it  was  excavated.  Vitrified  clay 
pipes  with  bell  and  spigot  joints  were  placed  on  this  gravel,  with  the 
joints  open;  and  around  and  for  6  ins.  over  the  top  was  placed  gravel 
free  from  sand,  and  which  had  passed  through  a  -^-in.  mesh.  Then 
the  remainder  of  the  trench,  up  to  the  subgrade,  was  filled  with 
coarser  stones,  varying  from  1  in.  to  3  ins.  in  their  largest  diameter. 
All  drains  have  been  carried  to  an  outlet,  either  to  a  culvert,  to  a 
natural  water  course,  or  to  a  storm  sewer. 

In  j^assing  over  clay  or  a  non-porous  soil  a  telford  road  has  been 
built  by  using  2  to  3  ins.  of  gravel,  6  ins.  of  coarse  stone  foundation 
and  4  ins.  of  broken  stone  covering.  The  subgrade  was  first  shaped  to 
the  proposed  cross-section  and  grade,  carefully  rolled  and  then  covered 
with  from  2  to  3  ins.  of  a  porous  gravel.  On  this  gravel  was  placed 
the  telford  foundation  6  ins.  in  depth,  laid  in  the  ordinary  manner 
with  the  large  edges  of  the  stones  downward,  the  longest  diameter 
across  the  road,  and  each  stone  self-suj^porting,  not  leaning  one 
against  the  other.  The  interstices  between  these  large  stones  were 
filled  carefully  with  small  wedge-shaped  stones  driven  in  by  maul. 
The  tops  were  broken  ofi"to  an  even  surface.  Then  the  whole  surface 
was  evened  up  with  the  tailings  from  the  crusher  or  with  other  angular 
stone,  and  then  rolled  with  a  steam  roller  until  it  came  to  a  permanent 
and  unyielding  foundation.  This  makes  up  what  is  designated  as  the 
telford  foundation,  or  the  telford  road  without  the  top  of  broken 
stone,  and  it  has  been  used,  as  has  been  said,  on  all  roads  with  a  non- 
porous  foundation,  where  it  was  cheaper  to  use  the  coarse  stone  than 
it  would  have  been  to  replace  it  with  broken  stone.  In  many  cases 
better  results  have  been  obtained  by  using  broken  stone  from  toja  to 
bottom  of  the  road  than  by  using  the  larger  telford  stone  at  the 
bottom.  In  placing  the  broken  stone  on  the  road,  if  it  was  a  telford 
foundation,  it  was  usually  spread  to  give  5  ins.  in  the  center  and  4  ins. 
on  the  sides,  after  a  thorough  rolling  with  a  heavy  steam  roller.  With- 
out the  use  of  the  telford  foundation,  and  over  ordinary  soil,  the  broken 
stone  was  spread  to  give  a  depth  of  6  ins.  in  the  center  and  5  ins.  on 
the  sides  after  rolling.  On  a  doubtful  soil,  wliich  could  hardly  be  called 
a  clay  or  a  wet  soil,  a  layer  of  porous  gravel  about  2  ins.  thick  was  spread 
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on  the  soil  before  ijlacing  the  broken  stone,  the  subgrade  being  first  Mr.McClintock 
rolled,  then  covered  with  the  porous  gravel,  then  with  the  broken  stone. 

All  the  broken  stone  was  screened  into  three  different  sizes  by  the 
use  of  screens  with  meshes  of  '2i  ins.,  1}  ins.  and  i  in.  in  diameter,  so 
that,  when  broken  stone  is  referred  to  in  any  of  these  roads,  it  means 
stone  sejiarated  in  this  manner  into  2A-in.,  1^-in.  and  A -in.  stone,  or 
screenings.  These  have  been  laid  on  in  courses  with  the  i-iu.  size, 
or  the  screenings,  on  top  in  all  cases.  On  a  country  road  and  on 
all  roads  where  the  traffic  is  fairly  light,  the  coarser  or  2v-in.  stone 
has  been  placed  at  the  bottom,  rolled  thoroughly,  and  the  surface 
brought  to  the  exact  theoretical  distance  below  the  top  of  the  pro- 
posed surface  with  stone  of  the  same  size.  This  has  ordinarily  been 
placed  to  give  4  ins.  in  depth  after  being  rolled.  The  l]-in.  stone 
has  been  placed  on  this  so  as  to  give  2  ins.  depth  over  the  whole 
surface  after  rolling,  and  both  of  these  courses  have  been  rolled 
thoroughly  and  evened  up  with  the  same  sizes  of  stone  used  in  the  re- 
spective courses.  Ordinarily,  no  water  was  applied,  up  to  this  period. 
Then  the  surface  was  covered  with  the  screenings,  or  that  part  of  the 
broken  stone  which  had  passed  through  the  ^-in.  mesh.  These  were 
thoroughly  watered  before  being  rolled  ;  in  fact,  they  were  drenched, 
so  that  the  water  passed  out  at  the  sides  of  the  road.  Then  they  were 
rolled  until  the  finer  dust  in  the  screenings  flushed  to  the  surface,  and 
the  road  was  opened  to  traffic  and  kept  open. 

There  are  some  roads  which  may  be  injured  by  the  apj)lication  of 
water  even  at  this  point.  On  a  sandy  loam  road,  a  loamy  road  or  a 
clay  road  over  which  the  telford  has  been  laid,  the  application  of  large 
quantities  of  water  at  this  time,  when  the  whole  mass  of  stone  is 
porous  and  open,  is  likely  to  cause  puddling  of  the  underlying  soil 
or  the  subgrade,  and  the  settlement  of  the  larger  stone  of  the  telford 
or  the  smaller  stone  of  the  macadam;  so  that  after  a  while  the  sec- 
tion of  the  road  will  become  misshaped  and  the  stone  will  begin  to 
wave  in  front  of  the  roller.  Then,  of  course,  the  rolling  process  must 
be  discontinued  sufficiently  long  to  let  the  road  dry  out,  and  when  it  is 
again  resumed,  an  excessive  use  of  water  must  be  avoided. 

In  the  selection  of  the  stone,  due  consideration  is  given  to  its  hard- 
ness and  toughness.  Generally  speaking,  trap  rock  is  the  best  which 
can  be  used,  although  the  traps  which  are  available  vary  greatly  in 
their  value.  The  lowest  grade  of  trap  used  in  the  Massachusetts 
work  has  a  specific  gravity  of  about  2.7,  while  the  highest  grade  has 
a  specific  gravity  of  3.07  or  3.08,  making  a  difference  in  the  weight  of 
a  little  over  10%",  and  in  the  cost  of  fully  S600  a  mile  under  the  con- 
ditions which  existed  on  some  of  the  roads  built.  The  treatment  of 
these  different  grades  of  trap  is  very  material.  The  lower  grade,  or 
the  rock  of  lighter  specific  gravity,  will  roll  down  very  easily  under 
the  steam  roller,  while  the  higher  grade,  or  the  heavier  rock,  breaks 
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Mr.McClintock  oif  on  the  edges  more  or  less,  and  in  certain  cases  it  does  not  compact 
under  the  action  of  the  roller  without  special  treatment.  This  special 
treatment  may  consist  of  the  application  of  a  little  water  before  the 
screenings  are  laid  on.  It  may  require  a  small  sprinkling  of  sand  oV 
stone  screenings,  or  a  combination  of  the  screenings  or  sand  and  water 
may  be  necessary.  Either  one  of  these,  ordinarily,  will  cause  the 
stone  to  knit  together  and  permit  the  roller  to  complete  its  work. 

There  have  been  conditions  where  the  speaker  has  felt  that  the 
trap  rock  apparently  failed  to  give  the  best  results,  as  the  breaking 
of  the  bond  allowed  the  stone  to  work  loose  and  stand  on  the  surface. 
All  road  builders  know  that  one  of  the  greatest  caixses  of  wear  on  a 
country  highway  is  the  weather,  and  on  some  roads  the  speaker  esti- 
mates that  fully  90%  of  the  loss  results  from  the  action  of  the  weather 
rather  than  from  the  traffic.  The  binding  course  is  blown  off  or  is 
washed  off,  and  with  the  harder  trap  rocks  a  sutiScient  quantity  of  the 
fine  dust  is  not  produced  under  the  Avheels  of  traflBc  to  supply  the  loss 
caused  by  the  weather.  Under  these  conditions  there  is  sure  to  be  a 
loosening  of  the  bond,  and  a  surface  on  which  the  stone  is  more  or 
less  exposed.  This  has  been  one  of  the  most  serious  difficulties  which 
the  Commission  has  encountered.  There  has  been  a  great  temptation 
at  times  to  try  some  other  binding  material  than  the  screenings,  but 
up  to  the  present  time,  on  the  200  miles  of  road  which  have  been 
built,  nothing  but  the  stone  screenings  has  been  used  during  the 
original  construction.  On  certain  country  roads,  however,  when 
there  has  been  no  rain  for  a  long  period  of  time  and  the  rocks  have 
appeared  on  the  roadway,  a  very  thin  sprinkling  of  coarse  sharp  sand 
has  been  used  over  a  narrow  strip  in  the  center  of  the  road ;  that  is, 
theoretically  a  thin  coating  of  sand.  The  practical  difficulty  in  the 
use  of  the  sand,  however,  is  to  employ  intelligent  men  to  carry  on  the 
work  by  the  use  of  a  small  quantity  only,  the  tendency  being  to  use 
too  much.  For  example,  in  visiting  one  of  the  roads  a  short  time 
since,  the  speaker  found  that  the  whole  surface  had  been  covered  with 
2|ins.,  more  or  less,  not  of  coarse  sand,  but  of  fine  sand.  Unques- 
tionably that  would  prevent  raveling,  but  not  in  a  manner  to  give  the 
best  results,  as  the  road  was  unsightly  and  yielding  under  the  wheel. 
The  Commissioners  think  that  the  mere  sprinkling  of  sharp  clean 
sand  will  accomplish  the  desired  purpose. 

To  prevent  raveling  out  there  are  two  other  methods  which  have 
been  tried,  both  of  them  having  been  more  or  less  effective.  One  is 
to  cover  the  top  of  the  course  of  stone  with  a  very  thin  coating  of 
what  is  termed  blue  gravel  before  spreading  the  screenings.  This 
blue  gravel  is  a  natural  broken  stone  of  angular  fragments.  It  is 
bound  together  with  the  finer  stone  dust,  and  a  small,  but  varying,  per- 
centage of  clay.  The  finer  fragments  of  angular  stone  which  will  pass 
a  ^-in.  mesh,  mixed  with  the  clay  and  the  stone  dust,  make  an  excel- 
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lent  binder  when  spread  on  the  top  course  of  stone  in  a  thin  layer  (not  Mr. McClintock 
over  I  in.  thick)  and  wet,  then  covered  with  the  screenings  and  the 
whole  mass  rolled.   The  blue  gravel  and  screenings  together  make  a  very 
hard  and  elastic  surface,  which  has  been  found  to  stand  both  wet  and 
dry  weather  perfectly  well  and  which  does  not  allow  the  surface  to  ravel. 

There  is  one  point  in  connection  with  the  sizing  up  of  the  stone  to 
which  attention  might  be  called,  viz. :  On  a  country  road  the  1^-in 
stone  constitutes  the  surface  coat,  with  the  coarse  or  2|^-in.  stone  at 
the  bottom.  Where  the  road  passes  through  a  village  or  where  it  is  a 
heavy -traffic  road  this  order  is  reversed  by  placing  the  l!J-in.  stone  at 
the  bottom  and  the  2^-in.  stone  at  the  top.  By  this  method  the 
stones  are  separated  into  sizes,  and  the  jiroper  sizes  selected  for  partic- 
ular uses.  Some  such  method  as  that  just  described  is  made  necessary 
by  the  fact  that  in  the  ordinary  process  of  crushing  the  stone,  there  is 
sure  to  be  a  certain  percentage  of  each  of  these  varying  sizes.  The 
speaker  thinks  that  in  the  crushing  of  ordinary  trap  rock  about  1S% 
of  the  product  is  ^-in.  stone  and  finer,  and  about  61  or  Q2%  of  the 
product  is  2  J -in.  stone,  the  remainder  being  the  ^-in.  stone.  By  put- 
ting the  stone  on  as  has  been  described,  viz.,  about  4  ins.  of  the  2  J -in. 
stone  after  the  rolling,  and  2  ins.  of  the  l}-in.  stone  after  the  rolling, 
and  about  \  in.  to  1  in.  of  the  screenings,  the  entire  product  of  the 
crusher  will  be  used. 

Fully  503^0  of  the  Massachusetts  roads  have  been  built  of  native  rock 
other  than  trap,  the  greater  part  of  it  being  field  stone  of  a  mixed 
quality,  such  as  granite,  quartzite,  conglomerate,  felsite,  and  a  small 
percentage  of  the  softer  rocks.  These  native  rocks  have  been  mostly 
broken  up  at  a  certain  stipulated  iJrice  per  ton,  varying  from  20  to  50 
cents,  by  means  of  small  portable  crushers  which  have  been  set  up  by 
different  contractors  on  the  line  of  work,  so  that  under  general  condi- 
tions it  was  absolutely  essential  either  to  use  the  whole  product  of  the 
crusher  or  else  pay  for  a  certain  amount  of  waste. 

In  the  maintenance  of  the  roads,  up  to  the  present  time,  no  regu.]ar 
system  has  been  developed.  The  best  effort  possible  has  been  made 
in  every  case  to  keep  the  road  in  good  rej^air.  The  jjrinciple  of  per- 
petual care  has  been  adopted,  keeping  the  roads  up  to  the  standard 
without  letting  them  go  to  pieces,  and  they  have  been  repaired  en- 
tirely by  the  use  of  the  screenings  with  possibly  the  slight  sprinkling  of 
sand,  which  has  already  been  mentioned,  to  prevent  the  raveling  out. 

The  cost  of  maintenance  cannot  be  given  at  the  present  time.  The 
cost  of  the  work  which  was  mentioned  as  being  $10  300  per  standard 
mile  is  distributed  over  various  items,  and  the  grading  item  alone, 
that  is,  the  necessary  cut  and  fill  to  bring  the  road  to  a  maximum  5% 
grade,  has  averaged  $1  250  a^mile.  The  outlay  for  grading  on  some 
roads  was  practically  nothing,  and  on  others  it  has  amounted  to  $12  000 
and  even  $15  000  a  mile  where  it  was  a  mountain  road,  partly  in  rock 
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Mr.McClintock  and.  partly  in  clay,  with  heavy  retaining  walls  on  either  side,  numerous 
culverts  to  remove  the  surface  water  from  the  steep  slopes,  paved 
gutters,  etc.,  etc.  On  these  mountain  roads,  unless  the  water  be 
removed  quickly  from  the  side  of  the  road,  great  damage  might  result 
from  a  single  storm,  and  the  culverts  have  been  built  at  short  inter- 
vals to  jjrevent  large  and  high  velocities.  The  sides  of  the  road  have 
been  finished  oiit  to  a  width  of  24  or  26  ft.  Old  tree  stumps  and  roots 
have  been  taken  out,  large  and  loose  rocks  have  been  removed  from 
the  roadside,  and  generally  from  fence  to  fence  the  location  has  been 
left  in  good  shape,  the  center  constituting  a  hard,  smooth  roadway 
for  traffic  and  pleasure,  with  the  sides  pleasant  to  look  upon. 
Mr.  Budd.  Henky  I.  BuDD,  Esq.* — In  the  year  1891  a  road  law  was  passed  in  New 
Jersey  granting  State  aid  to  the  amount  of  one-third  of  the  cost  of  the 
roads.  The  proceedings  under  that  law  are  as  follows:  Those  wishing 
improved  roads  petition  to  the  freeholders  for  them,  and,  for  the 
peculiar  benefits  conferred,  agree  to  pay  one-tenth  of  the  cost. 
Then,  if  the  freeholders  of  the  county  accept  the  petition,  they  order 
a  survey  to  be  made  and  specifications  prepared.  If  the  State  Com- 
missioner, to  whom  these  specifications  are  forwarded,  approves 
them,  and  the  road  is  built,  one-third  of  the  cost  is  paid  by  the  State, 
one-tenth  by  the  petitioners,  that  is,  the  residents  along  the  line  of 
the  road,  and  the  balance,  about  57%,  by  the  county.  Under  that 
law,  in  1891,  $20  000  was  appropriated,  but  not  a  dollar  was  called  for, 
the  opposition  to  the  law  being  very  great,  especially  on  the  part  of 
farmers,  who  claimed  that  their  taxes  would  be  unduly  increased.     In 

1892,  $75  000  was  appropriated,  and  only  about  $21  000  called  for.    In 

1893,  $75  000  was  appropriated,  and  about  $71  000  called  for.    In  1894, 
$75  000  was  appropriated,  and  nearly  the  whole  amount  was  called  for 

A  mandamus  clause  in  the  law  compelled  freeholders  to  build  roads 
when  petitioned  for,  and  when  building  began  there  came  from  differ- 
ent parts  of  the  State  a  cry  that  it  was  tyrannical  and  oppressive. 
Strong  petitions  and  many  farmers  ojjposed  this  clause  before  the 
Legislature,  and  it  was  eliminated;  but  the  object  lesson  had  been 
given  in  different  jjarts  of  the  State,  and  from  that  time  applica- 
tions became  numerous,  even  in  counties  which  had  opposed  the  law 
and  opposed  the  mandamus  clause.  In  1895,  1896  and  1897,  $100  000 
was  each  year  approj^riated  and  spent.  In  the  last  year  even  more 
was  spent.  Work  is  being  done  under  a  $100  000  appropriation  for 
1898.  The  State  aid  of  $100  000  means  an  expenditure  of  about  $350- 
000  each  year,  taking  the  State,  county  and  individual  contributions, 
which  all  hinge  upon  the  State  law  and  the  acceptance  of  roads  peti- 
tioned for  by  the  Commissioner.  Under  that  law  about  300  miles  have 
been  built  and  about  300  miles  more  are  petitioned  for.  Under  the 
first  working  of  the  law  the  roads  were  rather  expensive,  as  the  most 

*  State  Road  Commissioner  of  New  Jersey. 
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economical  way  to  construct  tliem  bad  yet  to  be  learned,  and  contract-  Mr.  Budd. 
ors  had  nearly  their  own  way,  which  resulted  in  a  cost  of  from  $7  000 
to  !$10  000  jier  mile.  After  a  while  stone-crushing  plants  began  to 
multijDly,  and  a  great  deal  of  competition  resulted.  It  was  learned 
that  thinner  roads  were  sufficient  to  bear  the  traffic,  and  the  cost  was 
reduced  to  from  i$fi  000  to  ^7  000  a  mile.  In  1897  they  cost  about 
$5  000  a  mile,  and  in  1898  about  ^4  000,  and  two  roads  10  ft.  wide  and 
8  ins.  deep  were  built  for  ^3  000  per  mile.  Omitting  a  few  gravel 
roads  from  the  90  miles  now  being  constructed,  the  cost  will  be  about 
$4  500  a  mile.  At  first,  from  30  to  40  miles  of  road  per  year  were  im- 
i:)roved;  in  1897,  70  miles.  In  1898,  about  90  miles  are  under  construc- 
tion. In  Essex  County  telford  roads  are  the  rule,  but  in  other  coun- 
ties pure  macadam  construction  leads.  In  the  former  there  are  large 
quantities  of  stone  in  fences  which  the  farmers  are  glad  to  get  rid  of, 
and  which  make  an  excellent  telford  foundation.  Through  this 
county  trap  rock  ridges  are  so  common  that  crushers  can  be  estab- 
lished along  the  line  of  each  road,  and  thus  the  road  can  be  covered 
cheaply  with  broken  stone.  It  makes  little  difference  in  cost  whether 
the  roads  are  3,  4  or  6  ins.  in  thickness. 

In  the  southern  part  of  the  State  8-in.  macadam  is  the  leading 
dejith,  there  being  only  one  6-in.  road.  In  the  country  the  roads  are 
built  10  and  12  ft.  wide  ;  in  the  towns,  about  16  ft.  wide.  These 
widths  have  been  fixed  as  the  limit  for  State  aid  ;  then,  if  the  citizens 
or  the  municipalities  wish  the  whole  street  covered,  they  do  the  bal- 
ance at  their  own  expense,  and  the  extra  paving  does  not  enter  into 
the  State's  calculation  of  cost.  These  roads  are  costing  all  the  way 
from  23  cents  to  70  cents  per  square  yard,  and  where  telford  is  used, 
in  bad  places,  the  cost  reaches  73  cents.  The  average  cost  of  these 
roads  in  1897  ranged  from  50  to  60  cents  per  square  yard. 

In  the  upper  part  of  the  State,  in  Morris  and  Passaic  Counties, 
roads  are  built  only  4  and  6  ins.  deep  ;  consequently  their  cost,  where 
rock  is  mined  along  the  road,  ranges  from  20  to  45  cents  jjer  square 
yard.  Trap  is  the  leading  rock  for  construction.  Commencing  at 
the  Palisades,  the  trap  rock  formation,  20  miles  wide  and  70  miles 
long,  extends  the  whole  width  of  the  State,  jutting  out  at  convenient 
places  in  each  section.  The  railroads  run  north  and  south,  east  and 
west  through  these  trap  ridges,  and  consequently  the  trap  can  be 
mined  and  easily  transported  to  any  portion  of  the  State.  The  south- 
ern poi'tion  of  the  State  is  a  vast  plain;  north  of  and  around  Trenton, 
a  glacial  drift;  south  of  Trenton,  alluvial  deposit,  once  the  bed  and 
shore  of  the  ocean,  with  no  stone  in  the  elevations  or  on  the  surface  ; 
consequently,  all  stone  used  has  to  be  imported,  and  the  railroads 
running  through  the  trap  ridges  bring  the  stone  to  the  southern 
counties  of  the  State  at  a  price  almost  as  low  as  when  transported  by 
rail  further  north.     The  railroads  seem  to  have  a  common  jjrice  for 
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Mr.  Budd.  carrying  stone,  there  being  not  more  than  10  or  15  cents  a  ton  differ- 
ence between  long  and  short  distances,  say  20  miles  and  70  miles  from 
the  trap  ridges.  The  southern  and  eastern  portion  of  the  State  is 
largely  a  sandy  plain,  with  occasional  gravel  deposits.  In  this  por- 
tion gravel  roads  have  been  adopted  with  good  results.  Experience 
here  shows  that  gravel  laid  upon  sand  makes  a  better  road  than  when 
placed  on  a  hard  bottom.  The  average  haul  does  not  exceed  a  quar- 
ter of  a  mile,  so  that  the  cartage  is  not  an  important  item  of  the  cost. 
The  cost  of  roads  14  to  16  ft.  wide,  with  8  ins.  of  compacted  gravel,  is 
from  $1  000  to  ^1  500  a  mile.  There  is  now  one  gravel  road  34  miles 
in  length,  forming,  with  a  stone  road  commencing  at  Camden,  a  com- 
plete highway  64  miles  long  between  Camden  and  Atlantic  City,  on 
which  carriages  or  bicycles  can  travel  easily  and  rapidly.  As  many 
as  3  000  bicycles  a  day  pass  over  it,  during  the  summer  season. 

The  speaker's  plan  has  been  to  create,  as  rapidly  as  possible,  con- 
tinuous highways.  When  the  law  first  went  into  operation  a  little 
piece  of  road  was  applied  for  here  and  another  there,  with  no  connec- 
tion between  them  ;  and,  consequently,  there  was  no  continuity.  A 
system  of  continuous  avenues  has  now  been  adopted,  and  is  very 
nearly  completed  from  Atlantic  City  in  the  southern  portion  of  the 
State  to  Jersey  City,  and  from  Jersey  City  to  the  extreme  western 
boundaries  of  Morris  and  Passaic  counties.  A  great  many  lateral 
roads  leading  into  these  avenues  and  to  different  county  seats  and 
important  towns  have  also  been  improved.  In  the  western  section  of 
the  State  another  system  is  being  built  which  is  almost  parallel  with 
the  first,  so  that  in  a  few  years  there  will  be  two  continuous  lines 
north  and  south  through  the  State,  besides  many  lateral  roads  lead- 
ing into  them  from  the  east  and  west. 

The  State  Aid  Act  at  first  was  extremely  unpopular  with  the  farmers, 
and  if  it  had  not  been  for  the  wheelmen  the  law  would  probably  have 
been  a  failure.  The  wheelmen  x^ersuaded  the  Legislature,  that  it 
was  to  the  interest  of  the  State  to  vote  for  good  roads;  the  farmers 
were  very  strong  in  ojDposition.  Now,  the  wheelmen  are  not  using 
much  effort,  and  the  farmers  are  the  pleaders  and  workers.  In  some 
parts  of  New  Jersey  a  man  cannot  now  be  elected  to  the  Legislature 
unless  he  is  an  advocate  of  these  roads.  It  seems  to  be  a  matter  of 
history  that  farmers  are  the  earliest  opponents  of  road  imjjrovements, 
and  later  the  most  ardent  advocates.  The  speaker  had  been  before 
committees  of  the  New  York  Legislature,  when  the  committee  rooms 
were  crowded  with  hundreds  of  farmers  protesting  that  the  contem- 
plated law  would  ruin  them,  although  it  was  developed  that  the  towns 
paid  88%  of  the  State  taxes.  It  was  also  shown  there  that  under  the 
law  some  of  the  larger  farms  would  not  be  taxed  over  $4  or  $5  a  year. 

The  reason  that  farmers  in  New  Jersey  are  becoming  warm  advocates 
of  the  law  is  shown  by  the  following  example.     Camden  and  Glouces- 
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ter  counties  are  two  great  farmiug  districts,  in  which  immeuse  amounts  Mr.  Budd. 
of  vegetables  and  fruits  are  raised  and  hauled  to  the  Philadelphia 
markets.  Before  the  advent  of  stone  roads,  the  farmers  had  to  drag 
their  produce  from  10  to  15  miles  through  heavy  sand.  It  was  with  diffi- 
culty that  30  to  40  baskets  ol  truck  could  be  taken  in  one  load.  The 
size  of  the  wagons  has  been  increased,  and  they  now  carry  from  130  to 
160  baskets.  Formerly  a  great  deal  of  produce  was  shijiped  by  small 
boats  on  the  numerous  creeks  which  intersect  that  section  of  the 
country  and  are  tributary  to  the  Delaware  River  ;  the  freights,  cartage, 
etc.,  amounting  to  from  6  to  8  cents  per  basket.  The  farmer  now 
carts  his  own  produce  to  market,  and  saves  from  $10  to  .f  12  a  day.  If 
five  loads  a  week  are  carted,  the  saving  is  from  $50  to  $60,  and,  in 
addition,  the  produce  is  delivered  to  the  customer  in  a  fresher  condition 
than  when  sent  by  boat,  where  three  handlings  are  necessary.  It  cart 
be  readily  seen  that  under  these  conditions  a  farming  community- 
becomes  an  ardent  advocate  of  good  roads. 

Gneiss  and  granite  are  the  leading  rocks  in  the  northwestern  por- 
tion of  the  State,  and  here  the  practice  is  to  use  this  native  rock  instead 
of  trap,  thus  avoiding  the  cost  of  transporting  the  latter.  These  roads 
are  consequently  very  cheap,  and  while  they  do  not  last  as  well  as  those 
made  of  trap,  they  can  be  frequently  resurfaced  at  small  cost. 

N.  P.  Lewis,  M.  Am.  Soc.  C.  £. — The  speaker  will  simply  attempt  Mr.  Lewis, 
to  outline  the  most  important  points  in  road  construction. 

The  idea  that  hard,  smooth  roadways  are  essential  in  the  streets  of 
large  towns,  but  are  a  luxury  beyoud  reach  in  rural  districts,  while  it 
has  been  persistent,  is  gradually  giving  place  to  the  conviction  that 
all  roads  can  as  well  be  good  as  bad,  and  that  the  money  used  in 
improving  them  is  profitably  expended. 

Many  efforts  have  been  made  to  express  in  dollars  and  cents  the 
cost  of  bad  roads,  and  the  figiires  deduced  have  been  astounding. 

In  Virginia,  for  instance  (which,  it  must  be  admitted,  is  not  famous, 
for  good  roads),  it  is  stated  that  the  interest  on  depreciation  of  land,, 
the  additional  cost  and  time  lost  in  hauling,  and  the  annual  deprecia- 
tion of  vehicles,  horses  and  mules,  amount  to  $4  275  000,  which  is; 
nearly  $2  500  000  more  than  the  total  tax  collected  in  the  State. 

The  Secretary  of  the  National  Farmers'  Congress  has  estimated  that 
the  needless  cost  of  moving  farm  products  in  the  United  States, — i.  e.^ 
the  cost  beyond  what  it  should  be, — is  $600  000  000  a  year.  Professor 
Latta,  of  Purdue  University,  basing  his  estimates  on  the  conditions 
in  Indiana,  concludes  that  the  difference  between  good  and  bad  roads 
is  78  cents  per  acre  of  farm  land,  or  $500  000  000  for  the  entire  United 
States. 

The  fact  that  poor  roads  are  the  source  of  great  expense  has  been 
so  well  demonstrated  by  good-roads  leagues  and  other  kindred  as- 
sociations that  it  need  not  be  enlarged  upon.     Some  States  or  counties. 
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Mr.  Lewis,  have,  by  legislation,  taken  the  matter  np,  and  are  transforming  their 
"  streaks  of  miid  or  dust  "  into  hard,  smooth  roads  over  which  far 
greater  loads  can  be  hauled  with  much  less  power.  An  enthusiasm 
on  the  subject  has  developed  that  Avill  soon  break  down  indiflference 
and  prejudice,  and  result  in  the  permanent  betterment  of  the  roads. 
These  attemjits  at  imjDrovement  have  sometimes  been  very  crude.  In 
Wisconsin,  shingle  sawdust,  8  ins.  or  10  ins.  deep,  and  covered  with  a 
few  inches  of  sand,  has  given  good  results  for  four  or  live  years.  In 
prairie  or  alluvial  districts  where  gravel  or  other  coarse  material  is 
not  easily  available,  and  where  stone  is  almost  unknown,  a  few  inches 
of  brush  or  straw  covered  with  earth  has  given  good  drainage  and  fair 
roads.  Gravel  mixed  with  a  little  clay  has  made  excellent  roads  in 
localities  where  such  material  is  readily  obtained. 

This  discussion,  however,  should  be  confined  to  road  building,  not 
road  mending,  as  the  operations  referred  to  may  more  properly  be 
described,  and  road  building  is  scarcely  the  application  of  makeshift 
methods,  but  the  permanent  construction  of  a  road  according  to  the  best 
practice.  Not  that  the  same  kind  of  road  should  be  built  under  all 
conditions,  but  in  this,  as  in  other  engineering  work,  the  construction 
should  be  governed  by  the  use  to  which  it  will  be  jiut,  and  the  resources 
which  are  available  to  pay  for  it.  Stone  roads  only  can  be  considered 
permanent.  The  building  of  such  roads  can  begin  before  the  inaking 
of  a  contract  for  the  actual  work.  The  ultimate  improvement  by 
macadamizing  all  imjDortant  roads  should  be  kept  in  mind,  and  such 
work  as  is  done  from  season  to  season  should  be  determined  accord- 
ingly. It  is  assumed,  of  course,  that  all  roads  have  some  kind  of 
supervision,  and  that  there  is  a  competent  officer,  whether  County  Engi- 
neer, Superintendent  or  Commissioner,  who  is  charged  with  the  pre- 
sent care  and  planning  for  future  improvements  of  the  highways.  (The 
speaker  is  aware  that  this  is  a  bold  assumption.)  The  dii-t  roads 
should,  therefore,  be  well  drained,  both  by  surface  ditching  and 
Tinder-draining  where  the  soil  is  heavy.  This  will  greatly  improve 
the  dirt  road,  and  is  an  essential  of  permanent  work.  Hills  can  be 
■cut  down,  and  low  places  raised,  gradients  being  reduced,  and  in 
many  cases  alignment  can  be  improved  before  a  permanent  improve- 
anent  is  authorized;  but  it  should  be  kept  always  in  view.  Such 
supervision  is  hard  to  obtain.  The  general  impression  is  that  an 
engineer  is  not  needed  until  profile,  plan  and  specifications  for  ma- 
cadamizing are  to  be  made.  It  will  doubtless  require  mandatory  legis- 
lation before  intelligent  technical  men  will  be  placed  and  retained  in 
such  positions. 

As  to  the  character  of  roads  to  be  built.  If  near  a  large  town, 
where  the  traffic  will  be  considerable,  the  road  must  be  of  generous 
width,  20,  25  or  even  30  ft.  for  the  metaled  portion.  For  country 
roads,  where  the  traffic  is  less,  this  would  be  a  waste  of  space  and 


DISCUSSION   ON   ROAD    BUILDING.  101 

material,  and  a  widtli  sufficient  for  two  vehicles  to  i^ass  is  enough—  Mr.  Lewis, 
say  12  ft.  Similar  considerations  will  govern  the  selection  of  material. 
Where  the  traffic  is  heavy  it  will  be  wise  economy  to  secure  the  hard- 
est, toughest  stone  available,  even  though  a  softer  stone  can  be  ob- 
tained near  at  hand  at  less  expense.  The  cost  of  Tolling  a  trap  rock 
road  will  be  greater  than  for  a  limestone  road,  but  if  the  traffic  is  suf- 
ficiently heavy  a  higher  price  for  the  tougher  material,  as  well  as  in- 
creased cost  of  rolling,  will  be  justified  by  the  more  permanent  results 
obtained. 

In  cases  where  the  traffic  is  light,  good  limestone  will  make  a  most 
satisfactory  road,  and  one  which  can  be  more  economically  repaired 
than  any  other.  Dependence  will  often  have  to  be  placed,  however,, 
upon  the  local  stone,  unless,  as  already  remarked,  the  traffic  is  very 
heavy,  when  the  toiighest  and  best  material  should  be  obtained 
even  at  a  considerably  greater  cost.  Field  stones  are  usually  tough, 
and  make  an  excellent  road  metal,  but  are  apt  to  be  of  variable 
hardness. 

As  to  the  foundation:  Drainage  is  a  sine  qua  iwn.  This  is  a 
very  simple  matter  on  Long  Island,  where  the  soil  is  nearly  always 
gravelly,  and  surface  water  soaks  away  very  rapidly.  Side  ditching 
and  underdraining  must  be  done,  if  necessary,  to  secure  a  dry  road- 
bed. Once  drained  it  can  be  rolled,  and  the  character  of  the  soil  is,  in 
the  speaker's  judgment,  a  matter  of  little  consequence,  except  that  if 
it  is  a  loose,  clean  sand,  the  addition  of  a  little  earth  or  loam  will  be 
necessary  before  it  can  be  rolled.  After  a  thorough  rolling  with  a  steam 
roller  of  moderate  weight,  the  roadbed  is  ready  for  the  stone.  The 
aversion  of  Macadam  to  a  foundation  of  large  stone  was  very  strong- 
He  said: 

"  The  roads  can  never  be  rendered  perfectly  secure  until  the  follow- 
ing principles  be  fully  understood,  admitted,  and  acted  upon,  viz., 
that  it  is  the  native  soil  which  really  supports  the  weight  of  traffic;  that 
while  it  is  preserved  in  a  dry  state  it  will  carry  any  weight  without  sink- 
ing, and  that  it  does  in  fact  carry  the  road  and  the  carriages  also;  that 
this  native  soil  must  be  previously  made  quite  dry,  and  a  covering  im- 
penetrable to  I'ain  must  then  be  placed  over  it  in  that  dry  state;  that 
the  thickness  of  a  road  should  only  be  regulated  by  the  quantity  of 
material  necessary  to  form  such  imjaervious  covering,  and  never  by 
any  reference  to  its  own  power  of  cai'rying  weight. 

"  The  erroneous  opinion  so  long  acted  upon  and  so  tenaciously  ad- 
hered to,  that  by  placing  a  large  quantity  of  stone  under  the  roads,  a 
remedy  will  be  found  for  the  sinking  into  wet  clay  or  other  soft  soil, 
or,  in  other  words,  that  a  road  may  be  made  sufficiently  strong  arti- 
ficially to  carry  heavy  carriages,  though  the  subsoil  be  in  a  wet  state, 
and  by  such  means  to  avert  the  inconvenience  of  the  natural  soil  re- 
ceiving water  from  rain  or  other  causes,  has  produced  most  of  the  de- 
fects of  the  roads  of  Great  Britain. 

"  At  one  time  1  had  formed  the  opinion  that  this  practice  was  only 
a  useless  expense,  but  experience  has  convinced  me  that  it  is  likewise 
positively  injurious." 
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Mr.  Lewis.  The  following  evidence  given  by  him  before  a  Parliamentary  com- 
mittee shows  still  more  clearly  what  views  he  held  on  the  subject  : 

"I  should  think  that  10  ins.  of  well-consolidated  material  is  equal 
to  carry  anything. 

"  Q.  That  is,  provided  the  substratum  is  sound? 

"  A.  No,  I  should  not  care  whether  the  substratum  was  soft  or  hard; 
I  should  rather  prefer  a  soft  one  to  a  hard  one. 

"  Q.   You  don't  mean  you  would  prefer  a  bog? 

"  A.  If  it  was  not  such  a  bog  as  would  not  allow  a  man  to  walk 
over  I  should  prefer  it.  *  *  *  j  think  when  a  road  is  placed  on  a 
hard  substratum,  such  as  rock,  the  road  wears  much  sooner  than  when 
placed  on  a  soft  substratum. 

"  Q.  But  must  not  the  draught  of  a  carriage  be  much  greater  on  a 
road  which  has  a  very  soft  foundation  than  over  one  which  is  of  a 
rocky  foundation? 

"A.  I  think  the  difference  would  be  very  little  indeed,  because  the 
jield  of  a  good  road  on  a  soft  foundation  is  not  percejatible. " 

Of  course  these  extreme  views  as  to  the  unimportance  of  founda- 
tion would  not  be  endorsed  by  engineers  of  to-day. 

Some  of  the  finest  specimens  of  road  making  are  those  laid  on  a 
telford  foundation — notably,  the  roads  in  Central  Park  and  some  of 
those  in  Prospect  Park.  It  would  not  be  prudent  to  say  how  thick 
they  are,  and  they  are  perfectly  drained,  but  their  cost  must  have  been 
very  great.  Assuming  that  a  road  is  to  be  maintained  after  construc- 
tion, why  make  it  more  than  8  ins.,  or,  in  many  cases,  6  ins.  thick? 
A  road  of  this  thickness  made  with  two  courses  of  broken  stone  will 
certainly  sustain  any  load  which  it  can  be  called  upon  to  carry.  The 
real  value  of  a  road,  per  mile,  increases  with  its  length,  not  with  its 
depth,  and  the  jDublic  money  can  best  be  exjjended  by  increasing  the 
former. 

In  building  country  highways,  city  lots  ujion  which  to  assess  the 
cost  are  not  available.  With  farm  lands  within  two  hours'  ride  of 
New  York  City,  selling  for  from  $2  to  !tp20  j^er  acre,  in  addition  to  the 
cost  of  the  buildings  upon  them,  it  is  not  practicable  to  lay  telford 
foundations  and  put  on  the  broken  stone  by  the  foot.  Macadamized 
roads  8  ins.  thick  and  12  ft.  wide  can  doubtless  be  built  in  country 
districts,  where  material  can  be  obtained  within  a  moderate  distance, 
for  $5  000  per  mile,  and  in  many  i^laces  for  $3  500  to  ^4  000  per  mile. 
General  Roy  Stone  stated  before  the  Senate  and  Assembly  Committees 
.at  Albany  that  $1  000  per  mile  would  build  good  roads  in  New  York 
;State,  except  in  the  vicinity  of  large  towns,  but  he  must  have  had  in 
anind  something  other  than  what  is  commonly  known  as  a  macadamized 
road.  The  method  of  building,  the  size  of  stone,  the  rolling,  etc., 
are  so  well  known,  and  so  much  has  been  written  upon  the  subject, 
that  it  is  scarcely  necessary  to  refer  to  them  before  this  Society,  ex- 
cept to  promote  discussion,  for  there  are  still  some  difi'erences  of 
opinion.  Some  engineers,  faithful  disciples  of  Macadam,  still  prefer 
stone  as  nearly  as  jDossible  uniform  in  size,  entirely  free  from  chips 
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and  stone  dust,  though  they  would  scarcely  specify,  as  did  Macadam,  Mr.  Lewis, 
that  "  The  stone  should  be  broken  by  men  sitting  on  their  haunches 
and  striking  it  with  a  small  hammer."  This  might  be  done  within 
prison  walls,  by  the  State,  but  scarcely  under  other  circumstances. 
Stones  varying  in  size  from  2  ins.  to  f  in.  will  have  fewer  voids,  and 
will  form  a  more  solid  roadway,  with  far  less  rolling  than  in  the  case  of 
those  of  uniform  size.  When  limestone  is  used,  stones  varying  be- 
tween the  limits  named  will,  with  the  addition  of  a  few  screenings  of 
the  same  material,  make  a  smooth,  hard  road,  with  comparatively 
little  rolling,  and  one  which  will  be  very  satisfactory  under  light  or 
ordinary  traffic,  except  in  dry  weather,  when  it  will  be  extremely  dusty. 
Efforts  have  been  made  to  build  a  good  road  of  trap  rock,  without  the 
addition  of  any  fine  material,  but  the  speaker  believes  they  have  been 
unsuccessful.  Persistent  rolling  with  very  heavy  rollers,  preceded  by 
a  sprinkling  cart,  has  reduced  the  size  of  the  surface  stone,  but  there 
has  been  no  cementing  of  the  surface  material.  The  addition  of  trap- 
rock  screenings  and  flour  resulted  in  a  great  improvement.  This 
flour  is  largely  quarry  sweepings  (or  was  before  the  demand  for  trap 
became  as  great  as  it  is  at  present),  and  the  speaker  is  convinced  that 
the  more  foreign  matter  the  flour  contains,  the  more  satisfactory  are 
the  results.  Specifications  recently  prepared  provide  for  a  binding 
material  for  trap-rock  roads,  60%  of  which  shall  consist  of  trap-rock 
screenings  and  flour,  and  4:0%  of  selected  coarse  sand  or  fine  gravel, 
preferably  mixed  with  a  little  clay  or  hard-pan. 

Limestone  screenings  as  a  filler  with  trap  rock  give  excellent  results, 
though  if  the  road  is  to  be  subjected  to  very  heavy  traffic  the  trap 
screenings  mixed  with  sand  would  probably  be  better.  The  use  of 
the  Roa  Hook  gravel  from  the  Hudson  River  near  Peekskill  has  given 
admirable  results  in  binding  roads,  and  in  patching  up  the  surface, 
and  it  makes  a  beautiful  surface  for  riding,  but  it  is  short-lived  and 
expensive. 

If  the  State  is  going  into  the  road-building  business,  there  is  a 
source  of  economy  which  may  be  taken  advantage  of.  There  are 
about  1  000  able-bodied  men  in  Sing  Sing  Prison  who  might  very  well 
prepare  material  for  the  roads.  In  California  it  is  said  that  the  cost 
of  furnishing  road  material  by  the  State  has  been  reduced  to  about  25 
cents  a  ton.  There,  a  vein  of  excellent  trap  rock  runs  through  the 
prison  grounds,  and  they  have  set  the  prisoners  breaking  it.  The 
railroads  have  given  favorable  rates,  and  it  is  said  they  are  laying 
stone  along  the  roads  at  about  the  price  at  which  it  can  be  produced 
at  ordinary  quarries. 

The  important  points  in  road  building,  as  they  appeal  to  the 
speaker,  may  be  summarized  as  follows:  The  anticipation  of  the  ulti- 
mate, substantial  improvement  of  every  road  and  the  determination 
of  the  work  which  is  to  be  done  with  that  in  view;  the  rectification 
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Mr.  Lewis,  of  grades  whei'e  possible,  bearing  in  mind  that  the  loads  "which  can  be 
hauled  over  any  road  are  determined  by  the  steepest  gradient  on  the 
road;  the  proportioning  of  the  width  and  depth  of  the  road  in  accord- 
ance with  the  density  and  the  volume  of  the  traffic  which  it  will  have 
to  sustain;  a  thorough  and  conscientious  drainage  of  the  foundation 
where  the  material  requires  artificial  drainage;  the  selection  of  the 
toughest  material  which  can  possibly  be  secured  for  the  money  avail- 
able; thorough  rolling,  with  judiciously  selected  binding  material, 
and,  above  all,  the  care*  and  maintenance  of  the  road  when  complete; 
and  to  these  might  be  added  constant  suj^ervision  by  a  trained 
technical  man,  whose  term  of  office  shall  not  be  one  or  two  years,  but 
who  shall  be  kept  there  so  long  that  the  State  or  the  county  may  have 
the  benefit  of  his  experience. 
Mr.  Tomkins.  Caij\t:n  Tomkins,  Assoc.  Am.  Soc.  C.  E. — About  the  yeair  18G5  the 
Central  Park  roads  Avere  macadamized  with  chips  from  quarries  near 
New  York.  These  chips  consisted  of  the  waste  material  from  the 
quarries,  which  had  not  been  j^ut  through  crushers.  From  that  time 
down  to  about  1890,  generally  speaking,  roads  were  built  in  any  way  by 
anybody.  County  commissioners  usually  built  the  roads,  and  very  little 
attention  was  given  as  to  how  they  should  be  constructed.  Stone  was 
bought,  carted  to  the  road,  distributed,  and  allowed  to  wear  down  under 
the  travel.  Engineers,  as  far  as  they  did  have  charge  of  road  building, 
treated  questions  that  came  before  them  diversely,  and  there  was  no 
uniformity  of  practice.  Since  the  early  nineties  conditions  have  changed 
very  much.  There  exists  now  a  general  agreement  as  regards  the 
practice  of  road-making,  and  the  art  has  drifted  more  into  the  control 
of  engineers  and  county  commissioners,  and  politicians  do  less  road 
building.  There  is  now  a  skilled  body  of  contractors  willing  to  build 
roads,  and  as  a  consequence  much  better  roads  are  built  than  were 
constructed  formerly.  There  is  one  point,  however,  to  which  the 
speaker  would  call  attention,  where  all  that  could  be  done  has  not 
been  accomplished.  Road  building  is  now  in  the  hands  of  engineers, 
but  it  has  not  as  yet  attained  the  position  of  a  fine  art.  Almost  any 
engineer  accustomed  to  road  work  will  build  a  good  road  ;  but  the 
difference  in  the  economies  that  can  be  effected  in  roads  as  con- 
structed by  some  engineers  and  as  constructed  by  other  engineers  is 
still  very  great.  These  nice  economies  should  be  discussed,  rather 
than  questions  of  general  practice,  which  already  are  well  established. 
The  question  of  stone  sizes,  mentioned  by  Mr.  McClintock,  is  a  prac- 
tical one.  It  is  necessary  to  use  all  the  product  from  the  crushers  if 
roads  are  to  be  constructed  economically;  otherwise  the  large  stone, 
to  get  it  down  to  a  uniform  size,  must  be  recrushed,  and  the  small 
stone  will  be  wasted. 

Another  point  in  which  nice  questions  of  economy  occur  is  in  con- 
nection with  the  subject  of  thick  or  thin  roads.    As  far  as  the  speaker's 
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experience  goes  the  art  of  road  building  consists  in  making  a  tliin  Mr.  Tomkins. 
road  go  just  as  far  as  possible.  "When  bad  places  are  encountered, 
over  a  morass  or  on  a  clay  bottom,  it  may  be  necessary  to  put  down  a 
thick  piece  of  road-bed  siich  as  will  distribute  a  heavy  load  over  a 
large  surface  before  it  reaches  the  limit  of  the  bearing  strength  of  the 
road.  It  is  necessary  to  iJut  down  thick  roads  where  they  are  subject 
to  heavy,  urban  travel.  It  is  not  necessary,  however,  to  build  even 
8-in.  roads  in  country  districts  generally,  particularly  where  there  is 
a  sandy  bottom  and  the  drainage  is  easily  taken  care  of.  If  a  little 
more  is  spent  for  drainage,  where  the  bottoms  are  not  so  good,  a  thin 
road  can  be  made  to  do  as  well  as  a  thick  one,  and  money  will  be 
saved.  Such  questions  in  road  building  are  new  and  interesting.  All 
the  suggestions  that  have  been  made  in  this  discussion  are  safe,  so  far 
as  experience  leads  the  speaker  to  judge  of  them.  He  thinks  that  it 
would  be  safe  to  go  farther,  in  some  instances.  The  principal  con- 
sideration, which  should  be  borne  in  mind,  is:  How  far  can  these  roads 
be  safely  constructed  '?  Is  it  not  also  worth  while  sometimes  to  make 
an  experiment,  when  it  does  not  cost  much,  in  order  to  see  what  it  is 
possible  to  do  in  the  direction  of  making  the  minimum  amoiint  of 
money  build  the  maximum  amount  of  road  ?  As  Mr.  Lewis  truly  said, 
a  road  is  valuable  to  the  people  who  use  it,  not  according  to  its  thick- 
ness, but  according  to  its  length  and  width.  In  this  connection  the 
speaker  does  not  believe — and  this  is  the  only  technical  point  he 
Avishes  to  make— that  enough  attention  has  been  given  to  the  question 
of  consolidating  roads  into  compact,  almost  monolithic,  masses  of 
stone.  A  road  which  will  shed  the  water  to  the  sides  and  keep  its 
base  dry  conforms  to  Macadam's  idea  of  what  a  road  should  be — 
simply  a  wearing  surface  on  top  of  a  dry  solid  underpinning  of  any 
character.  If  this  base  is  kept  dry  by  protecting  it  on  the  sides  with 
ditches  and  drains,  and  by  constituting  the  road-bed  surface  virtually 
a  roof  to  shed  the  rain,  the  road  is  just  as  effective  from  an  engineer- 
ing point  of  view  as  a  sound  tooth,  which  simjily  consists  of  a  hard  sur- 
face upon  a  soft  base.  In  order  to  accomplish  this  it  is  desirable  to 
consider  first  the  question  of  filling  and  thoroughly  rolling  the  road- 
bed; and,  secondly,  of  cementing  the  pieces  of  stone  together  and 
keeping  them  in  that  solidly  set  condition  regardless  of  wet  or  dry  or 
windy  weather. 

The  question  of  suitable  materials  for  these  purposes  is  most  im- 
portant. Trap  rock  is  undoubtedly  the  densest  and  hardest  material 
which  can  be  used,  but  it  lacks  binding  i^roperties,  and,  when  used  by 
itself  in  thin  roads,  particularly  if  not  carefully  rolled,  is  likely  to 
ravel  out  and  go  to  pieces. 

Even  when  thin  granite  or  trap-rock  roads  have  been  carefully  con- 
solidated during  construction,  they  are  likely  to  go  to  pieces  in  dry, 
windy  weather,  or  when  subjected  to  unusually  heavy  loads,  or  when 
the  soil  becomes  wet  and  yielding  beneath  them. 
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Mr.  Tomkins.  This  question  of  maintainiug  the  surface  of  thick  granite  or  trap- 
rock  roads,  and  of  maintaining  the  body  of  thin  granite  or  trap-rock 
roads,  is  a  serious  problem  which  confronts  engineers. 

In  the  speaker's  estimation,  thin  roads  subjected  to  light  travel  can 
be  built  more  cheaply  and  maintained  more  effectively  when  con- 
structed of  other  material  than  trap  rock  or  granite,  since  it  is  pos- 
sible to  cement  such  roads  together,  when  it  is  not  possible  to  do  this 
with  the  harder  stone  by  itself. 

It  is  possible,  however,  to  bind  a  granite  or  trap-rock  road  together 
with  cementitious  limestone  screenings  in  such  a  way  as  to  bring  into 
play  the  maximiim  efficiency  of  both  stones — ^the  wearing  qualities  of 
the  trap  and  granite,  and  the  cementing  qualities  of  the  limestone. 
In  such  roads,  when  properly  consolidated  during  construction,  the 
pieces  of  harder  stone  do  not  become  separated  from  the  mass,  and 
the  surface  itself  remains  smooth,  the  wear  coming  upon  the  surfaces 
of  the  harder  stones,  which  are  ground  flat,  and  which  do  not  project 
in  a  rough,  knobby  manner,  as  is  likely  to  be  the  case  when  the  siliceous 
binder  is  washed  out  of  roads  constructed  of  siliceous  stone. 

Many  examples  of  such  trap-rock  and  granite  roads  bound  together 
with  cementitious  limestone  can  be  seen  in  the  immediate  vicinity  of 
New  York  City,  some  of  which  have  been  subjected  to  travel  for  a  long 
time,  and  give  evidence  of  unusual  wearing  qualities,  besides  affording 
a  smooth  surface. 

This  question  of  binding  thick  and  thin  roads,  however,  is  only  an 
instance  of  the  general  proposition  which  the  speaker  wishes  to  make, 
namely,  that  the  present  interest,  which  this  road-making  question  has 
for  engineers,  commissioners,  tax  payers,  and  others,  will  be  found  in 
the  consideration  of  economies  to  be  practiced  in  construction  and 
maintenance,  rather  than  in  the  general  principles  of  construction 
itself,  which  principles  are  now  pretty  well  established. 

An  engineer  who  can  build  roads  for  $4  000  a  mile  as  effectively  as 
another  engineer  whose  specifications  make  their  cost  $8  000  a  mile, 
will  come  to  be  considered  by  the  community  twice  as  good  a  man  as 
the  latter. 
Mr.  RouUier.  G.  A.  EouxiLiER,  M.  Am.  Soc.  C.  E. — The  cost  of  road  construc- 
tion is  a  question  so  extremely  important  that  it  requires  sjDecial  con- 
sideration. Upon  it  depends  the  expansion  of  good  road  work  through- 
out the  country.  Probably  the  principal  item  in  which  economy  can 
be  practiced — ^because  it  is  about  the  only  flexible  item  encountered  in 
road  construction,  the  majority  of  the  items  being  fixed — is  the  thick- 
ness of  the  road-bed.  Still,  the  speaker  believes  this  is  the  very  item 
on  which  engineers  disagree  the  most. 

The  question  is,  how  thin  can  roads  be  safely  built?  It  has  not 
yet  been  positively  ascertained,  as  far  as  the  speaker  knows.  Having 
made  some  experiments  in  that  special  direction  he  Avould  like  to  sug- 


1 


DISCUSSION   ON   ROAD   BUILDING.  107 

gest  this  princiiile  for  consideration,  so  that  a  minimum  thickness  Mr.  RouUier. 
may  be  arrived  at,  i.  e. :  A  road-bed  having  been  constructed  strong 
enough  to  safely  carry  the  traffic  that  it  is  intended  for,  the  condition 
of  the  surface  becomes  absolutely  independent  of  the  thickness.  The 
condition  of  the  surface  will  be  dependent  on  suitable  design  and  pi'o- 
portion,  good  workmanship  and  intelligent  maintenance.  By  this 
is  meant  that,  if  the  thickness  of  the  road-bed  has  been  so  propor- 
tioned that  it  will  carry  the  traffic  without  being  cut  through,  and  a 
certain  factor  of  safety  added  to  that  thickness,  further  increase  will 
certainly  not  insure  a  better  surface.  Hence,  why  should  a  certain 
limit  of  thickness  be  exceeded,  providing  that  limit  can  be  determined? 
Of  course,  in  thin  road  construction — that  is,  construction  without 
artificial  foundation — a  careful  distinction  must  be  made  between 
roads  intended  for  light  suburban  traffic  and  those  designed  for  main 
thoroughfares. 

In  the  construction  of  thin  roads  the  speaker  must  differ  from  Mr. 
Owen  in  the  proposition  as  to  the  binding  or  filling  material.  The 
sj^eaker  has  found  that  in  building  thin  roads  it  is  almost  impossible 
to  get  successful  work  with  a  soft  binding  material.  It  is  absolutely 
necessary  to  use  a  binding  material  that  is  hard  and  coarse,  so  as  to 
prevent  any  possibility  of  motion  in  the  mass.  If  motion  occurs  in 
a  thin  road-bed,  failure  is  bound  to  follow.  In  the  filling  of  these 
roads,  the  speaker  would  suggest  that  sand  and  coarse  screenings  will, 
as  a  rule,  give  the  best  result.  He  has  tried  almost  every  material, 
and  believes  that  a  great  many  of  the  failures  in  thin  roads  have  been 
caused  through  the  use  of  a  soft  filler.  In  filling  these  roads  he  has 
had  considerable  success  by  adding  to  the  filling  of  sand  and  traja- 
rock  screenings  a  slight  amount  of  clay  in  some  cases,  in  others  lime- 
stone diist,  adding  about  '60%  in  each  instance.  The  raveling  in  those 
cases  was  materially  reduced,  and  the  road-beds  could  be  left  exposed 
to  the  weather  without  detrimental  efiiect. 

It  is  almost  impossible  to  keep  roads  surfaced  in  localities  where 
there  is  heavy  traffic,  but  where  the  traffic  is  not  too  dense  or  too 
heavy  a  very  good  covering  can  be  made  by  simj)ly  using  the  dust  of 
the  crusher  with  a  very  slight  amount  of  clay;  the  speaker  has  seen  it 
tried  in  some  places  quite  successfully.  He  thinks  that  any  one  who 
will  give  personal  attention  to  it  for  a  short  time  will  find  that  on 
such  roads  a  covering  can  be  placed  which  will  remain  there  and 
give  but  little  trouble. 

E.  W.  Harrison,  M.  Am.  Soc.  C.  E. — On  the  Hudson  County  Mr.  Harrison. 
Boulevard,  following  the  lead  set  by  Mr.  Owen  in  Essex,  N.  J.,  about 
400  000  sq.  yds.  of  telford  macadam  have  been  laid  in  the  last  five 
years  on  roads  whose  conditions  were  those  of  city  streets.  Heavy 
traffic  had  to  be  provided  for,  and  also  the  sewerage.  The  drainage 
had  to  be  arranged  so  as  to  connect  with  the  sewers   already  con- 
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Mr.  Harrison,  structetl  by  different  municipalities,  and  with  a  view  to  fixture  con- 
struction. Under  the  Act,  no  sewers  could  be  built  except  on  the  line 
of  the  Boulevard.  The  road  is  theoretically  12  ins.  deep,  but  practi- 
cally about  14  ins.  There  are  8  ins.  of  telford,  of  ordinary  specifica- 
tion, all  trap  rock,  and  4  ins.  of  macadam.  It  is  endeavored  to  have 
about  2  ins.  to  2.7  ins.  of  stone  which  will  pass  through  a  2i-in.  ring. 
On  top  of  that  is  put  the  IJ-in.  course,  and  the  surface  is  brought 
up  with  coarse  screenings  about  ^  to  1  in.  above  the  finished  grade, 
using  a  great  deal  of  floiar  and  wetting  the  road  all  the  time  and  keep- 
ing a  roller  on  it. 

When  work  on  the  road  was  begun  the  cry  of  the  contractors  was, 
"  You  cannot  expect  to  bind  trap  rock  with  Avater. "  In  the  first  8 
miles  built  there  is  not  a  spoonful  of  anything  but  trap  rock,  but  a 
great  deal  of  rolling  was  done  and  a  great  deal  of  water  used.  This 
section  is  standing  much  better  than  any  other  portion  of  the  road. 

On  the  upper  part  of  the  road  the  water  had  to  be  procured  from 
a  private  corporation,  and  was  very  expensive.  The  road  was  built  in 
summer.  The  water  evajjorated  about  as  fast  as  it  went  on,  and  in  this 
place  the  speaker  allowed  the  use  of  a  slight  powdering  of  clay  between 
the  2i-in.  and  li-in.  layers.  The  clay  was  needed  to  hold  the  water  a 
few  seconds  only  while  the  roller  was  going  over  the  road.  There  has 
been  no  trouble  from  raveling.  Of  course,  this  road  is  sprinkled.  In 
a  country  road,  lime  or  clay  might  be  used,  which  might  prevent  the 
raveling.  The  greatest  trouble  is  to  keep  the  road  free  from  the  dirt 
of  uni^aved  streets,  from  which  there  comes  a  great  deal  of  wash. 

A  wagon  coming  through  those  unpaved  streets  loads  its  wheels  with 
mud,  and  the  moment  the  horse  strikes  the  telford  he  begins  to  trot 
and  the  mud  drops  on  the  road.  Home  of  the  contractors  claim  that 
this  has  helped  to  consolidate  the  road,  and  there  are  people  in  Jersey 
City  who  claim  that  it  is  a  good  top  dressing.  The  greatest  difficulty 
experienced  in  building  the  road  has  been  to  accommodate  the  top 
surface  to  the  use  of  bicycles,  trotters,  riding  horses  and  heavy  teams, 
and  the  speaker  has  come  to  the  conclusion  that  it  canpot  be  done  so 
that  everyone  will  be  satisfied.  The  speaker  believes  in  bringing  the 
traffic  right  down  on  the  stone,  but  if  all  the  top  dressing  is  stripped 
from  the  road  so  as  to  bring  the  heavy  traffic  on  the  stone,  the 
wheelmen  object. 

In  this  Boulevard  there  is  one  peculiarity  which  has  often  been 
criticised.  On  the  fourteen  miles  from  Bergen  Point  to  the  county 
line,  the  middle  of  the  road  is  gravel.  That  was  a  radical  experi- 
ment. It  was  desired  to  get  as  wide  a  road  as  possible  with  the 
money  available,  and  at  least  31  OOU  000  had  to  be  spent  for  right 
of  way.  Forty  houses  were  bought  and  400  were  moved,  and 
almost  the  whole  right  of  way  had  to  be  condemned.  Bridges 
over  the  railroad  cuts  cost  $130  000,  and  it  was  found  that  the  road 
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conld  not  l)e  built  at  the  jjrices  then  ruling  and  give   the    full   60  Mr.  Harrison. 

ft.  width  of  macadam.     The  problem  was  whether  the  examjjle   of 

Essex  in  putting  18  or  20  ft.  of  macadam  in  the  center  with  earth  wings 

should  be  followed,  or  whether  the  earth  should  be  placed  in  the  center 

and  the  macadam  at  the  sides.     Just  before  that  time  the  late  Chas. 

B.  Brush  had  biiilt  a  short  piece  of  road  in  the  upj^er  j^art  of  the 

county,  which  was  intended  to  have  a  trolley  in  the  center.     He  had 

put  macadam  and  telford  on  the  sides,  and  left  15  ft.  in  the  center  for 

the  trolley  track.     This  road  had  been  in  existence  about  two  years, 

and  the  center  was  j^erfectly  drained  by  the  telford,  was  dry  in  the 

spring  and  was  used  in  preference  to  the  stone  road  for  fast  driving. 

The  speaker  took  that  idea  and  enlarged  upon  it  a  little.     A  15-ft.  strip 

was  laid  out  in  the  center  of  the  road,  and  after  preparing  a  subgrade 

4  ins.  below  the  finished  grade,  or  at  the  elevation  of  the  top  of  the 

telford  stone,   a  4-in.  layer  of  Shark  River  gravel  Avas  placed  on  the 

southern  8  miles  of  the  road.   The  upper  6  miles  has  4  ins.  of  Boa  Hook 

gravel.     The  Shark  River  gravel  has  now  been  in  place  3  years,  and 

has  been  worn  down  1',  ins.     In  the  spring  the  gravel  center,   with 

the  wings  of  telford  going  down  a  foot  below,  dries  up  quicker  than 

the  macadam.    Gravel  dries  very  fast,  and  the  speaker  has  a  great  deal 

of  faith   in   the    South  Jersey  gravel  roads,  j^rovided  they   are  well 

drained.     It  is  a  very  great  mistake  to  haul  trap  rock  to  Cape  May, 

Avhere  there  is  good  gravel. 

There  is  one  other  point  in  regard  to  which  the  speaker  has  not 
heard,  except  in  the  Massachusetts  case.  In  constructing  this  road 
the  surface  was  first  shaped  and  rolled  hard;  then  the  telford  was  put 
down,  and  after  breaking  oft'  the  points  and  wedging  it  well,  the  steam 
roller  was  put  right  on  top  of  the  rough  telford.  Two  Harrisburg 
rollers  and  two  English  rollers  were  used.  Those  in  charge  of  the 
English  rollers  went  right  ahead,  but  those  having  the  Harrisburg 
rollers  were  at  first  afraid  it  would  smash  the  rollers.  This  rolling  is 
a  very  great  success,  because  the  bottom  telford  is  put  down  so  that 
it  never  comes  up  again,  and  if  there  is  any  weak  point  it  is  at  once 
discovered.  The  real  test  of  the  telford  was  the  steam  roller.  When 
the  contractor  was  willing  to  have  his  telford  rolled  and  made  a  gener- 
ally smooth  surface,  the  speaker  was  satisfied  that  the  other  course 
should  go  on.  Loose  chips  were  not  allowed  on  top  of  the  telford, 
although  the  speaker  does  not  know  whether  they  would  have  done 
any  harm  or  not;  but  he  had  an  idea  that  in  rolling  they  might  work 
up  through  the  broken  stone.  The  contractors  all  wished  to  throw 
chips  on  and  make  it  easier  for  the  rollers.  The  telford  was  rolled; 
the  first  course  was  rolled,  also  the  li-in.  course  ;  screenings  were 
sprinkled  on  it,  and  it  was  finally  rolled  with  water  until  the  surface 
puddled. 

The  speaker  has  found  by  the  mileage  of  the  rollers  that  every  inch 
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Mr.  Harrison,  of  the  road  has  been  gone  over  from  100  to  115  times,  and  he  thinks  it 
has  paid  and  has  been  the  making  of  the  road.  Since  the  road  was 
finished  it  has  been  in  the  hands  of  the  freeholders  for  three  or  four 
years.  The  great  problem  is  its  management  and  care.  The  sjjeaker's 
idea  is  that  a  great  many  men  can  be  found  who  can  build  a  good  road, 
but  the  hardest  problem  is  to  find  one  who  can  take  care  of  it  after  it 
is  built.  Most  peojale  think  that  when  a  road  is  built  it  will  last  for- 
ever; but  there  must  be  a  certain  percentage  of  material  put  on  it 
every  year,  and  put  on  in  the  proper  way.  In  regard  to  one  part  of 
the  Boulevard,  after  it  was  finished  a  complaint  was  made  by  the  in- 
spector that  for  about  a  mile  the  macadam  was  too  thin.  This  portion 
was  very  finely  surfaced,  bound  in  nicely,  and  was  below  grade  and  a 
little  thin,  and,  Avithout  picking  the  surface,  1^ -in.  stone  with  screenings 
was  put  on  to  bring  it  up.  It  was  rolled  thoroughly,  and  that  portion 
of  the  road  to-day  is  about  as  fine  as  any  other  in  the  whole  20  miles. 

Mr.  McLaugh-  J.  J.  McLatjghlin,  M.  Am.  Soc.  C.  E. — There  are  in  Queens  County 
about  800  miles  of  macadam  roads  and  streets  which  have  cost  about 
$10  000  000.  Of  these,  335  miles  are  macadam  roads  built  to  carry  the 
traffic  of  Long  Island  farmers.  There  are  more  than  3  000  wagons  run- 
ning to  market  evei'y  day  for  very  nearly  six  months  in  the  year.  Each 
weighs  when  loaded  between  10  0(X)  and  11  000  lbs.  The  wagon  itself 
as  it  stands  weighs  2  600  lbs. ;  3-in.  tires  are  used.  For  this  traffic  4-in. 
roads  are  not  built.  The  heaviest  roads  are  8  ins.  thick  in  the  center 
and  6  ins.  at  the  sides.  There  are  now  175  miles  of  these  roads  under 
construction.  As  far  as  the  sustaining  power  of  a  thin  road  is  con- 
cerned, the  speaker  would  like  to  corroborate  what  Mr.  Roullier  has 
said,  and  can  give  a  good  example  of  the  application  of  his  theory.  In 
the  village  of  Jamaica,  in  1897,  there  was  a  stretch  of  street  about  f 
mile  long  that  jjaralleled  two  roads  then  being  improved.  The  work 
was  done  in  the  spring  of  1897  after  a  sewer  had  been  laid  in  the  same 
street.  It  was  built  with  4  ins.  of  stone  sjaread  loosely.  The  stone 
was  measured  by  blocks,  and  was  sj^read  4  ins.  thick,  loosely,  and 
then  rolled.  From  actual  count  there  were  from  80  to  100  of  the 
heavy  loads  just  mentioned  per  day  for  over  three  months  running- 
over  this  piece  of  road,  and  in  only  one  case,  where  there  was  some 
careless  work  over  a  sewer  trench,  was  there  any  material  sign  of 
wear,  and  in  no  place  a  break.  There  was  not  a  square  yard  of  the 
street  broken,  and  it  carried  these  wagons. 

In  consideration  of  the  fact  that  so  much  has  already  been  said 
about  sizes  of  stone  and  methods  of  construction,  very  little  which 
would  be  of  any  material  interest  can  be  added.  The  speaker,  however, 
would  like  to  back  uji  Mr.  Harrison's  assertion,  even  though  the  dis- 
cussion of  maintenance  is  to  be  debarred,  that  a  road  may  be  built 
poorly,  but  if  there  is  an  adequate  system  of  maintenance  put  right 
behind  the  construction,  the  road  can  be  saved  and  made  very  good. 
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lu  Queens  County  there  are  some  roads  known  quite  widely  as  being  Mr.  MoLaugh 

among  the  best  bicycle  roads,  but  which  were  poor  when  built.    They 

were  made  good  roads  by  efficient  maintenance.     Queens  Coimty  has 

the  best  system  of  maintenance  in  vogue  in  the  vicinity  of  New  York 

City,  and  it  is  considered  of  the  greatest  importance.     After  a  road 

is  well  constructed  it  is  immediately  passed  into   the   hands  of  the 

parties  who  maintain  it. 

The  method  used  is  practically  as  follows :  The  roads  are  divided 
into  sections;  the  length  of  a  section  depends  on  the  location  and  the 
character  of  the  work,  and  averages  about  12  miles.  Each  section  is  in 
charge  of  a  foreman  who  keeps  a  small  gang  of  men,  generally  two  and 
in  some  instances  as  many  as  four,  continuously  employed.  These 
men  keep  the  stone  work  slightly  covered  with  a  mixture  of  gravel 
and  loam,  mend  slight  depressions,  keep  the  gutters  cleared  up,  and 
the  wings  or  earth  shoulders  free  from  grass  and  weeds.  These  earth 
wings  are  ploughed  and  reformed  when  necessary,  m  order  to  provide 
earth  roads  and  good  drainage.  The  wings  are  generally  wide  enough 
to  allow  of  the  passage  of  wagons  on  either  side  of  the  stone  work. 

In  addition  to  the  foreman,  there  is  a  superintendent  who  lays  out 
the  work  in  detail  and  generally  oversees  the  operations.  This  was 
formerly  the  system  throughout  the  county  and  is  still  used  in  the  east- 
ern portions.  The  work  in  the  borough  towns  has  been  let  by  contract. 
Contract  maintenance  does  not  appear  to  be  a  success. 

The  county  owns  its  own  steam  rollers,  sprinkling  carts  and  ma- 
chinery. The  system  has  proved  very  efficient  and  at  the  same  time 
economical. 

George  W.  Tillson,  M.  Am.  Soc.  C.  E.  —In  the  construction  of  a  Mr.  Tillson. 
macadam  road  there  seems  to  be  more  opportunity  for  the  engineer  to 
show  his  good  sense  and  ingenuity  than  in  that  of  almost  any  other 
kind  of  pavement.  If  a  street  is  paved  with  either  asphalt  or  stone, 
certain  conditions  must  be  met.  The  asphalt  must  be  of  about  the 
same  thickness,  and  the  stone  blocks  of  about  the  same  size.  By  vary- 
ing the  foundation  according  to  the  traffic,  the  expense  may  be  in- 
creased or  decreased,  but  in  the  main  the  engineer  is  bound  to  general 
conditions.  With  macadam,  when  the  amount  of  traffic  which  the 
road  must  stand  is  known,  it  should  be  possible  to  construct  a  pave- 
ment that  will  meet  the  requirements  very  nearly.  The  three  things 
which  the  engineer  must  study,  and  which  will  govern  the  expense 
materially,  are  the  character  of  the  stone  to  be  used,  and  the  thickness 
and  width  of  the  roadway.  The  stone  selected  need  not  necessarily  be 
absolutely  the  best,  but  should  be  the  best  to  meet  the  si^ecial  condi- 
tions. Of  course,  it  is  understood  that  trap  rock  will  stand  more  wear 
than  any  other  material  used  in  the  vicinity  of  New  York  City,  but  in 
a  great  many  cases  it  is  better,  in  the  long  run,  to  use  local  stone 
which  is  not  quite  as  good.     That  is,  it  will  be  cheaper  to  use  a  stone 
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Mr.  Tillson.  that  can  be  obtained  at  a  small  expense,  and  rei^air  the  road  more  fre- 
quently, than  to  take  a  material  whose  first  cost  is  greater.  On  account 
of  its  hardness,  traji  rock  is  very  difficult  to  bind;  and,  conversely,  a 
softer  material  binds  more  easily  and  more  quickly.  Another  disad- 
vantage of  trap  rock  is  that  when  broken  it  is  so  far  from  being  cubical. 
Most  of  it  is  flat,  and,  consequently,  the  size  used  for  the  upj)er  course 
is  often  very  difficult  to  bind.  For  streets  or  roads  where  the  traffic 
is  light  it  is  better  to  use  a  softer  stone,  such  as  limestone,  that  will 
bind  quickly  and  give  a  smooth  road,  than  to  use  trap  which  requires 
heavy  traffic  to  keep  it  in  good  shape,  unless  the  road  is  remarkably 
well  made.  The  binding  material  used  with  the  trap  is  apt  to  wear  out 
and  be  blown  away,  leaving  the  surface  of  the  road  in  such  a  condition 
that  in  passing  over  it  the  wheels  of  a  vehicle  jump  from  stone  to  stone 
instead  of  bearing  continuously  on  the  surface. 

The  speaker  has  in  mind  a  road  that  was  built  seven  or  eight  years 
ago,  of  which  a  portion,  at  least,  is  of  limestone,  which  has  had  almost 
no  attention  in  the  way  of  rejjairs.  About  three  years  ago  this  road 
was  extended,  trap  rock  being  used.  For  the  first  year  or  two,  when 
the  surface  was  covei'ed  with  Roa  Hook  gravel,  it  was  almost  an  ideal 
road  for  either  driving  or  wheeling.  Daring  the  summer  of  1898,  how- 
ever, no  attention  was  paid  to  the  surface,  and  now  in  passing  over  it 
the  wheels  jump  from  stone  to  stone.  For  that  reason  when  the  travel 
is  to  be  light,  and  the  road  pleasant  for  riding  or  driving,  especially 
in  these  times  of  bicycling,  it  is  better  to  build  the  road  of  limestone 
than  trap,  although  the  limestone  will  wear  out  sooner;  on  exactly 
the  same  principle  that  one  buys  a  calfskin  shoe  rather  than  a  cowhide 
boot. 

After  the  engineer  has  decided  on  his  stone,  he  must  determine  on 
the  width  of  the  roadway.  If  intended  only  for  travel  continuously  in 
one  direction,  it  should  not  be  wider  than  is  economical  for  that  pur- 
pose. If  two  lines  of  travel  uninterrupted  are  to  be  provided  for,  the 
economical  width  for  this  purpose  must  be  determined.  Two  trucks 
with  5-ft.  width  of  wheel  base,  and  9-ft.  width  of  load  can  pass  on  a 
16-ft.  roadway  with  a  clearance  of  1  ft.,  assuming  the  outer  wheels  of 
each  to  go  within  6  ins.  of  the  edge  of  the  macadam;  and  it  is  seldom 
that  such  a  necessity  occurs  on  a  country  road.  If  one  truck  is  not 
loaded  it  can  turn  out  without  difficulty.  It  seems,  therefore,  a  waste 
of  material  to  build  a  country  road  more  than  16  ft.,  and  in  some  in- 
stances more  than  12  ft.,  wide. 

A  broken  stone  road,  as  well  as  a  pavement,  is  made  wp  of  two 
parts,  the  foundation  and  the  wearing  surface.  In  determining  the 
thickness  of  the  foundation,  the  engineer  should  be  governed  by  the 
Aveight  of  traffic  that  is  to  come  upon  the  road,  and  make  it  strong 
enough  to  sustain  that  traffic  and  no  more.  It  is  as  much  the  business 
of  the  engineer  to  avoid  making  anything  too  strong  as  it  is  to  avoid 
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makiDg  it  too  weak.  He  makes  almost  as  great  an  error  if  he  constructs  Mr.  Tilison. 

a  road,  or  any  other  structure,  costing  50%  more  than  it  should,  as  if 

he  made  it  so  weak  as  to  necessitate  an  extra  expenditure  of  50%'  to 

make  it  good.     The  foundation  should  be  made  of  a  material  which 

will  not  decay  under  the  action  of  the  weather,  and  which  will  be  good 

and  solid  under  ordinary  treatment.     If  this  is  accomplished,  it  does 

not  make  any  difference  of  what  the  bottom  course  is  made. 

In  determining  the  thickness  of  the  wearing  surface,  the  engineer 
must  find  out  how  much  that  surface  will  wear,  and  how  much  the 
surface  can  be  permitted  to  wear  without  allowing  the  road  to  get  too 
rough,  and  then  make  the  thickness  a  little  more  than  that  permis- 
sible wear.  By  that  is  meant  that  if  a  road,  after  it  has  worn,  say 
3  ins.,  has  worn  so  unequally  that  it  must  be  entirely  resurfaced,  it 
would  be  a  waste  of  material  to  make  that  wearing  surface  much  over 
3  ins.  in  thickness — say,  make  it  4  ins.  If  it  is  made  5  or  6  ins.  thick, 
there  is  a  thickness  of  2  or  3  ins.  below  the  available  wear  which  is  of 
no  benefit  at  all  and  is  waste. 

After  the  wearing  surface  has  been  put  on,  comes  its  binding, 
which,  in  the  speaker's  opinion,  is  the  most  important  part  of  road 
construction.  The  great  trouble  with  many,  or  perhaps  most,  maca- 
dam roads  is  that  they  do  not  receive  sufficient  rolling.  It  is  very 
common  for  a  contractor  to  want  to  consolidate  the  upper  part,  per- 
haps the  upper  inch,  of  his  wearing  surface  without  any  regard  to 
the  lower,  so  that  only  the  surface  presented  by  the  road  at  the  time 
it  is  finished  is  good.  A  great  deal  of  care  is  necessary  to  prevent  his 
doing  this,  or,  if  the  road  is  being  built  by  day  labor,  for  the  en- 
gineer to  accomjalish  the  other  result,  /.  e.,  to  fill  all  the  voids  between 
the  stones  so  compactly  as  to  make  the  wearing  surface  one  homo- 
geneous and  wateri^roof  mass.  The  stone  ordinarily  used  for  this 
service,  approximating  what  is  generally  called  1^-in.  stone,  has  about 
50%  voids,  and  under  the  roller  perhaps  will  compress  one-half  of 
that,  leaving  about  25%  to  be  filled  with  the  binder.  The  speaker 
has  had  some  experience  with  different  kinds  of  binders  for  trap- 
rock  roads,  and  does  not  see  why  it  is  not  proper  to  use  any  ma- 
terial that  will  bind  trap  rock  securely  and  keep  it  bound.  The 
specifications  generally  call  for  the  road  to  be  boiand  with  the  same 
material  that  forms  the  siirface.  On  one  road  of  trap  rock  the 
speaker  used  trap  screenings,  and  it  took  a  very  large  amount  of  roll- 
ing to  consolidate  it.  On  one  end  of  the  road,  for  about  a  quarter 
of  a  mile,  a  mixture  was  used,  consisting  of  perhaps  25  or  30%  sand, 
and  the  balance  trap-rock  screenings.  That  portion  of  the  road  was 
consolidated  in  about  a  quarter  of  the  time  that  would  have  been  re- 
quired had  trap  screenings  alone  been  used.  A  firm,  smooth  surface 
was  obtained,  and,  although  it  has  not  been  down  more  than  six 
months,  it  has  not  shown  any  such  signs  of  ravelling  or  going  to 
pieces  as  the  part  covered  with  screenings  only. 
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Mr.  Tillsou.  In  working  trap  rock  the  speaker  found  it  necessai'y  to  use  prac- 
tically the  method  described  by  Mr.  Cudworth,  /.  e.,  to  keep  rolling 
and  sprinkling  the  screenings  at  the  same  time.  After  the  interstices 
of  the  stone  are  filled  completely,  if  a  substance  that  is  i^ractically 
all  flour  be  added  before  the  sprinkling  and  rolling  are  discontinued, 
a  very  much  better  result  will  be  obtained,  because  unless  a  sort  of  a 
paste  or  mortar  can  be  brought  to  the  surface,  it  is  almost  impossible 
to  get  the  trap  rock  solid. 

The  amount  of  rolling  required  for  different  roads  is  quite  vari- 
able, and  is  governed  by  a  great  many  conditions.  In  the  rejaorts  of 
the  City  of  Glasgow  for  the  years  1896  and  1897,  it  is  stated  that  some- 
thing over  300  000  sq.  yds.  of  road  were  kept  in  repair  for  those  two 
years.  The  amount  of  stone  used,  as  nearly  as  the  speaker  could 
estimate  it,  averaged  about  3  ins.  over  the  entire  surface,  and  the 
amount  of  rolling  on  that  varied  from  200  to  2  200  sq.  yds.  per  day. 
The  amount  of  rolling  per  day  on  each  street  is  given.  Of  course  it 
is  pretty  hard  to  tell  just  why  the  amount  of  rolling  should  be  varied 
on  practically  the  same  kind  of  work.  The  total  cost  of  the  repairs 
averaged  about  12  cents  per  square  yard  over  the  entire  surface. 

There  is  another  point  in  rolling,  about  which  the  speaker  has  never 
been  able  to  get  any  satisfactory  information,  and  that  is  the  different 
effects  of  rolling  at  different  speeds  of  the  rollers.  The  French  in 
some  cases  speak  of  rolling  so  as  to  get  a  certain  ton-mile  per  square 
yard,  ranging  from  .4  to  .6  ton-mile  per  square  yard.  Taking  this 
for  a  standard,  if  the  speed  of  a  roller  is  increased  from  4  to  6  miles 
an  hour,  its  efficiency  is  increased  directly  50  per  cent.  The  speaker, 
however,  does  not  think  that  a  roller  will  do  anything  like  50%  more 
work  if  the  speed  is  increased  50  per  cent.  To  consider  it  the  other 
way,  as  a  matter  of  time,  will  a  roller  moving  at  the  rate  of  2  miles  an 
hour,  do  as  much  work  as  it  will  at  the  rate  of  4  miles  an  hour?  The 
speaker  does  not  believe  it  will.  If  not,  what  is  the  difference?  By 
increasing  the  speed  the  efficiency  of  the  roller  is  increased,  but  by 
what  amount  the  speaker  has  not  been  able  to  learn.  Experiments  to 
determine  the  relative  efficiencies  of  different  rollers  at  different  sj^eeds 
would  be  of  great  value.  The  speaker  had  an  account  carefully  kept 
of  the  amount  of  rolling  done  on  one  of  the  roads  before  mentioned. 
In  the  top  there  were  about  18  000  sq.  yds.  The  lower  course  con- 
sisted of  4  ins.  of  limestone  and  the  upper  course  of  4  ins.  of  trap  rock 
bound  with  trap  screenings;  and  the  area  rolled  per  day  averaged 
almost  exactly  200  sq.  yds.,  including  both  courses. 

In  the  summer  of  1898  the  speaker  rode  over  a  road  in  Morris 
County,  New  Jersey,  which  seemed  particularly  good.  He  after- 
ward learned  from  the  engineer  in  charge,  that  the  road  was  4  ins. 
thick,  that  it  was  constructed  entirely  of  trap  rock,  binding  mate- 
rial and  all,  and  had  been  down  for  four  years.     The  speaker  saw 
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ifc  at  the  end  of  a  dry  spell  of  four  weeks,  and  tliere  was  no  sign  of  Mr.  Tillson. 

raveling  or  otlier  faults.     The  engineer  said  the  road  was  rolled  in 

two  courses,  the  lower  course  2^  ins.  and  the  upper  Ih  ins.  thick,  and 

that  each  course  was  rolled  absolutely  solid.     He  said  that  a  road  of 

that  character,  12  ft.  wide,  could  be  built  at  the  rate  of  100  to  160  ft. 

per  day.     That  would  be  from  130  to  200  sq.  yds.    per  day,  and  the 

speaker  does  not  believe  that   a  trap-rock  road  can  be  put  down  very 

much  faster  than  that,  and  at  the  same  time  receive  the  necessary 

rolling.     If  Mr.  Harrison  consolidated  the  Hudson  County  Boulevard 

by  rolling  it  110  times  he  did  well. 

Chables  H.  Graham,  M.  Am.  Soc.  C.  E. — Eef erring  to  Mr.  Tillson's  Mr.  Graham, 
statement  that  limestone  roads  are  more  pleasant  for  driving  and  rid- 
ing purposes  than  those  constructed  with  traj),  the  speaker  desires  to 
express  his  agreement  therewith,  having  in  mind  some  old  roads  which 
were  resurfaced  in  1895.  These  roads  were  built  originally  with  trap- 
rock,  and  were  thin  macadam  roads  without  telford  foundation.  Be- 
ing badly  worn,  they  were  remacadamized  with  Tomkins  Cove  lime- 
stone. The  old  macadam  was  spiked  up  by  the  roller,  and  the  lime- 
stone was  spread  and  rolled  down.  These  roads  have  given  excellent 
service,  and  are  in  very  good  condition  to-day,  except  where  they  have 
been  partially  destroyed  by  sewer  construction  and  openings  for 
various  kinds  of  pipes. 

The  speaker's  experience  with  limestone  has  been  that  without 
some  binding  material  it  is  not  possible  to  get  it  to  bond  within  any 
reasonable  length  of  time,  without  an  excessive  amount  of  rolling,  so 
much  rolling  in  fact  as  to  sometimes  crush  the  stone.  In  handling- 
limestone  for  macadam,  the  speaker  has  made  it  a  practice  to  use  loam. 
as  a  binder,  being  careful  to  use  a  clay  loam,  and  not  one  which  con- 
tains any  considerable  percentage  of  sand.  Water  is  freely  used,  and 
the  macadam  is  thoroughly  rolled  until  the  excess  of  binder  runs  on 
the  surface  ahead  of  the  roller  in  the  form  of  a  thin  groiit,  which  by 
continued  watering  and  rolling  is  finally  forced  from  the  surface  of 
the  macadam.  A  thin  coat  of  screenings  is  then  applied  and  rolled, 
after  which  a  wearing  coat  of  screenings  is  spread.  This  method  gives 
very  good  results. 

Though  the  speaker  has  made  no  experiments  to  ascertain  whether 
it  is  true  or  not,  he  believes  that  the  most  efficient  work  is  j^er- 
formed  by  steam  road  rollers  when  they  are  run  at  maximum  rates  of 
speed. 

HowAED  J.  Cole,  Assoc.  M.  Am.  Soc.  C.  E. — In  Essex  County,  N.  Mr.  Cole. 
J.,  which  contains  the  cities  of  Newark  and  Orange  and  the  residential 
townships  of  East  Orange,  South  Orange,  Montclair,  Bloomfleld  and 
Nutley,  a  jsark  system  has  been  inaugurated,  and  among  the  first  con- 
structions have  been  the  roads. 

The  type  of  road  adopted  as  most  serviceable  under  existing  con- 
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Mr.  Cole,  ditions  is  a  telford-macadam,  8  ins.  thick,  consisting  of  a  foundation 
5  ins.  deep,  and  3  ins.  of  l2-in.  broken  stone  and  sci-eenings. 

The  subgrade  was  carefully  rolled,  after  which  the  telford  foun- 
dation was  placed  by  hand  and  firmly  chinked  and  then  set  in  place 
by  a  10-ton  roller.  After  this,  a  coat  of  binder,  barely  \  in.  thick,  was 
placed  on  the  telford,  and  then  the  Ij-in.  stone  was  sj^read.  The 
roller  was  again  used  until  the  small  stone  had  been  rolled  to  a  good 
surface,  when  another  thin  coat  of  binder  and  screenings  was  spread, 
after  which  the  road  was  watered  and  rolled  until  a  satisfactory  sur- 
face was  secured. 

The  work  so  far  has  been  constructed  entirely  from  the  trap  rock 
of  the  Orange  Mountains,  and  after  nine  months'  use  is  in  first-class 
condition.  The  cost  of  this  work  was  59  cents  per  square  yard. 
About  one  mile  of  the  roads  of  the  park  system  has  been  built,  but 
the  plans  call  for  the  construction  of  about  40  miles  of  drives,  of  sub- 
stantially the  same  character,  in  the  parks  and  connecting  parkways. 

In  the  Motintain  Reservation  some  earth  roads  are  being  built  for 
temporary  use,  until  the  permanent  administration  roads  are  built. 
These  roads,  which  are  about  12  ft.  wide,  follow  generally  the  lines  of  the 
old  wood  roads,  with  slight  changes  of  alignment  and  grade,  the  cut- 
ting of  any  trees  or  shrubs  being  avoided  as  much  as  possible.  The 
road  is  given  a  moderate  crown,  and  good  drainage  gutters  are  made 
on  each  side,  while  at  frequent  intervals  the  water  is  carried  oflf  by 
cross-drains  and  culverts,  the  main  object  being  to  keep  the  road  as 
dry  as  possible.  During  the  j)ast  season  these  tem^jorary  roads  have 
been  used  considerably  by  pedestrians,  bicyclists  and  the  driving 
public  and,  with  but  little  attention  to  their  maintenance,  have  stood 
the  traffic  well. 

In  the  South  Mountain  Reservation,  near  Milburn,  N.  J.,  the  Park 
Commission  has  assumed  the  care,  custody  and  control  of  an  old  public 
road  (Brookside  Avenue)  for  a  length  of  two  miles.  This  road  has 
been  regraded  and  then  dressed  for  a  width  of  12  ft.  in  the  center  with 
a  coating  of  l^-in.  stone,  which,  after  it  had  been  compressed  by  a 
2-ton  horse  roller,  was  about  2  ins.  thick.  After  being  thoroughly 
rolled,  screenings  were  spread  and  the  road  again  rolled.  The  cost 
of  this  improvement  was  $1  000  per  mile  for  grading,  and  ^1  000  per 
mile  for  broken  stone.  Thus,  at  a  very  reasonable  expenditure,  a 
dh't  road  was  converted  into  a  desirable  road  for  pleasure  driving. 
Mr.  Seaman.  H.  B.  Seaman,  M.  Am.  Soc.  C.  E.  — Mr.  Tomkins  has  proposed 
trap-rock  roads  with  limestone  binding,  and  Mr.  Tillson  has  de- 
scribed a  trap-rock  road  which  was  worn  so  rough  that  the  wheels  of 
a  vehicle  would  jumi)  from  point  to  point  of  the  larger  stones.  These 
two  conditions  illustrate  cause  and  effect.  The  softer  binding  material 
wears  down  first,  and  leaves  the  harder  stones  projecting. 

In  replacing  a  number  of  macadam  roads,  the  speaker  found  occasion 
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to  use  trap  rock,  with  screenings  of  the  same  material.     Water  was  Mr.  Seaman. 
used  freely  in  rolling,  and  no  trouble  was  experienced  in  getting  the 
material  to  bind  jjroperly.     The  road  was  smooth  as  long  as  it  lasted. 

Geokge  HiiiL,  Assoc.  M.  Am.  Soc.  C.  E. — When  engaged  on  the  Mr.  Hill, 
geological  survey  of  New  Jersey,  the  speaker  saw  probably  20  miles  of 
road  apparently  made  of  blue  shale  Avhich  had  been  broken  into  small 
sizes  and  dumped  on  the  foundation  prej^ared  by  breaking  off  the  out- 
cropping rock  on  the  side  of  the  road,  the  traffic  working  it  down. 
Those  roads  were  only  slightly  muddy,  when  the  roads  in  the  valleys 
and  along  stretches  of  ground  untreated  were  practically  impassable 
on  accoimt  of  the  mud.  They  kept  a  good  surface  throughout  the 
year,  apparently  without  any  special  attention  being  given  to  drain- 
age, which  was  probably  secured  through  the  undulating  character  of 
the  road,  and  the  numerous  streams  which  crossed  it. 

On  the  seashore  many  miles  of  gravel  surfacing  are  used,  the  prac- 
tice being  to  shape  up  with  sand,  and  surface  with  4  ins.  of  clayey 
gravel;  the  gravel  ranging  in  size  from  i  in.  up  to  I7  ins.,  and  the  jDer- 
centage  of  clay  varying  with  the  amount  naturally  present  in  the  bank 
from  which  the  clay  is  taken.  Both  svirfaces  are  shaj^ed  with  a  road 
scraper  of  the  simple  construction  usually  found  in  country  places,  the 
more  elaborate  road  machines  being  but  seldom  used.  For  comj^act- 
ing  the  surface,  reliance  is  placed  on  the  light  traffic,  and  the  jjassage 
of  the  carts  which  bring  the  material,  and  which  are  usually  provided 
with  4-in.  tires.  To  be  kept  in  order  the  roads  require  constant  atten- 
tion, and  resurfacing  about  every  second  year.  No  special  provision 
is  made  for  drainage,  since  the  sand  is  pervious  and  consequently  dry. 

S.  C.  Thompson,  M.  Am.  Soc.  C.  E. — Mr.  Hill  has  covered  a  ques-  Mr.  Thompson, 
tion  which  the  speaker  was  about  to  ask,  /.  e.,  what  would  be  done  in 
a  country  where  there  is  no  limestone  or  traj)  rock.  The  discussion 
has  brought  out  pretty  thoroughly  what  can  be  done  in  the  way  of  a 
macadam  road  with  limestone,  or  with  trap.  The  speaker  has  lived 
in  a  section,  however,  where  there  is  neither  one  nor  the  other,  but 
where  it  was  necessary  to  make  as  good  i-oads  as  possible.  The  custom 
there  was  to  make  them  of  two  kinds  of  gravel;  one  ijractically  a  dry 
gravel  free  from  any  admixture,  and  the  other  a  hardpan.  It  was 
found  that  by  mixing  the  two,  making  them  thoroughly  wet  and 
using  a  4-ton  or  6-ton  grooved  roller,  with  a  4-in.  lace  and  a  4-in. 
groove,  for  combining  them,  and  by  going  over  the  work  repeatedly 
and  finishing  it  with  a  smooth  roller,  that  a  surface  could  be  obtained 
which  would  not  only  stand  heavy  traffic,  but  would  also  wear  well 
and  shed  water.  It  made  a  very  compact  roof.  In  one  case  where 
the  speaker  had  occasion  to  build  an  embankment  for  a  special  pur- 
pose, the  gravel  was  mixed  in  that  way;  the  roller  and  a  water  cart 
were  kept  going  all  the  time,  and  the  embankment  was  left  overwinter 
to  provide  for  settlement.     It  was  tested  carefully,  and  in  the  spring 
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Mr.  Thompson,  it  was  scarcely  possible  to  discover  tliat  there  had  been  any  settlement; 
showing  that  such  material  could  be  used  for  roads  and  give  excellent 
results.  Of  coui'se,  such  roads  do  not  wear  as  long  as  the  macadam 
roads  made  from  trap  or  limestone. 

In  the  eastern  jjart  of  Massachusetts  there  are  a  great  many  miles 
of  those  gravel  roads,  in  many  cases  built  with  no  hardpan  at  all, 
which  stand  the  traffic  admirably  and  do  very  good  service,  and  the 
expense  of  building  them  is  trifling.  The  ordinary  way  of  building  is 
simply  to  excavate,  get  a  roadbed  of  sufficient  width,  fill  in  with 
gravel  and  roll  it.  In  many  cases  the  traffic  itself  takes  the  place  of 
the  roller.  In  that  way  a  hard  bed,  and  one  that  gives  very  good 
results,  is  obtained. 
Mr.  North.  Edward  P.  NoKTH,  Vice-President,  Am.  Soc.  C.  E. — There  seems 
to  be  some  difference  of  opinion  in  regard  to  the  relations  betAveen  the 
foundation  of  a  macadam  road,  and  the  treatment  of  the  wearing  sur- 
face. One  engineer  has  said  that  he  did  not  care  for  binding,  and 
others  have  laid  a  great  deal  of  stress  upon  it.  The  speaker  would  be 
justified,  perhaps,  in  calling  attention  to  thefact  that  the  engineer  who 
did  not  care  for  binding  proposed  a  telford  foundation,  and  the  engi- 
neer who  laid  great  stress  on  binding  proposed  a  thin  road  on  an  earth 
surface.  In  building  a  thin  road  it  is  necessary  to  use  the  best 
possible  binding,  so  as  to  produce  a  road  that  is  both  a  wearing  sur- 
face and  a  roof.  With  a  telford  foundation,  however,  this  is  not  so 
absolutely  necessary,  as  the  stone,  without  being  so  well  bound,  will 
still  make  a  tolerably  good  road. 

A  point  which  has  been  overlooked  in  this  discussion  is  the  in- 
fluence of  roughness  in  the  surface  of  the  stone  used,  on  the  ease  with 
which  it  can  be  compacted,  and  on  its  general  wearing  qualities,  not 
only  in  its  freedom  from  "raveling,"  but  in  its  ability  to  stand  wear 
when  kept  so  well  watered  as  to  resist  breaking  up  from  dry  winds. 
Some  stone  with  a  decided  "tooth"  that  is  not  otherwise  desirable 
makes  a  very  good  macadam.  In  Saratoga  Springs  all  the  macadam 
streets  are  in  very  good  condition,  although  the  stone  used  is  a  calci- 
ferous  sand  rock  (a  sand  stone  bound  by  lime  instead  of  silex),  which 
is  so  weak  that  the  edges  of  spawls  can  be  broken  off"  by  a  pressure  of 
the  thumb.  On  Broadway,  a  street  that  has  a  considerable  amount  of 
heavy  traffic,  as  well  as  much  fast  driving,  there  was  laid  a  6-in. 
macadam  on  the  old  dirt  roadbed,  which  lasted,  with  some  mainte- 
nance, between  6  and  7  years  before  it  required  resurfacing. 

The  tooth  of  the  stone  undoubtedly  had  great  influence  in  its  re- 
sistance to  wear,  by  checking  or  preventing  the  tendency  of  the  stones 
to  rub  one  another  under  passing  loads,  and  the  presence  of  a  lime 
cement  was  also  valuable,  for  it  is  doubtful  if  a  pure  sand  stone  of  that 
strength  would  have  worn  as  well.  On  the  eastern  face  of  the  Palisades 
a  stone  decidedly  harder  than  the  average  trap  is  found.     It  is  called 
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"black  jack,"  irrespective   of   its  color.     That  stone,  which  is  very  Mr.  North, 
smooth,   is  condemned  by  road-biiilders  on  account  of  the  difficulty 
of  compacting  it  and  making  it  stay  in  a  road,   even  after  it  is  well 
puddled. 

There  will  be  substantial  agreement  in  the  statement  that,  if  it  is 
possible  to  make  a  thin  road  which  will  not  break  up,  the  stone  will 
wear  longer  than  if  on  a  rigid  foundation,  because  a  stone  cannot  be 
easily  broken  by  striking  it  when  on  soft  earth.  It  breaks  very  easily, 
on  the  other  hand,  if  struck  when  on  a  hard  surface.  So,  between 
Telford  and  Macadam,  Macadam  was  right  in  proposing  to  build  a 
thin  road.  Material  will  wear  longer  without  a  telford  foundation,  if 
it  is  not  forced  into  the  subsoil  by  the  traffic.  This  leads  immediately 
to  the  consideration  of  the  drainage  of  the  road. 

As  long  as  the  road  stays  dry  and  compact  it  is  almost  impossible 
to  crush  2  ins.  of  well-compacted  macadam  into  the  soil.  The  speaker 
has  seen  a  load  Aveighing  2  or  3  tons  on  narrow-tired  wheels  drawn 
over  such  roads  without  injuring  them.  If  it  is  possible  to  drain  the 
roadbed,  or  to  so  shield  it  with  the  macadam  that  it  will  stay  dry,  it 
is  a  waste  of  material  and  a  waste  of  money  to  build  a  thick  road.  If 
the  roadbed  cannot  be  kept  dry  enough  to  prevent  the  traffic  from 
crushing  through,  of  course  more  money  must  be  put  in  the  founda- 
tions. All  engineers  should  remember,  however,  that  monuments  pay 
no  interest,  and  however  desirable  they  are  as  a  matter  of  piety  or 
beauty,  monuments  that  cannot  be  seen  are  worthless,  and  that,  as  Mr. 
Lewis  says,  it  is  the  length  of  the  road  that  is  valuable,  and  not  the 
depth.  Hence  an  engineer  should  make  his  brain  save  material  by 
doing  better  work. 

Mr.  McClintock  has  said  that  in  Massachusetts  they  put  a  certain 
thickness  of  porous  gravel  between  their  telford  and  the  roadbed. 
The  speaker  is  not  satisfied  with  this  practice.  On  a  clay  road,  or  on 
any  road  that  is  muddy  in  wet  weather,  the  finer  the  material  that  is 
placed  on  it,  the  smaller  will  the  apertures  in  the  material  be,  and  the 
more  certainly  will  it  prevent  the  mud  from  coming  through.  The 
speaker  has  used,  both  for  highways  and  for  railroads,  a  layer  of  very 
fine  sand;  in  one  instance  sand  so  very  fine  that  it  was  blowing  sand. 
Five  or  six  inches  of  it  were  put  in  clay  cuts  which  were  undrained  at 
the  time  and  Stayed  undrained  for  three  years  after,  and  broken  stone  or 
gravel  was  placed  on  the  sand.  The  roadmaster  said,  at  the  end  of 
three  years'  experience,  that  he  had  less  trouble  with  the  track  on  the 
sand  in  undrained  cuts  than  he  had  with  the  track  on  embankments 
where  there  was  no  sand.  A  colander,  if  put  in  a  bucket  of  water  will 
sink,  but  if  it  is  wrapped  in  cloth,  or  anything  impervious  to  the  water, 
it  will  float.  So  a  macadam  roadbed  will  float  on  an  undrained  clay- 
surface,  if  material  that  will  not  permit  the  clay  or  mud  to  go  through 
is  placed  between  the  two;  whereas  if  coarse  stones,  macadam  or  tel- 
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Mr.  North,  fon'l,  are  jDut  on  soft  material,  as  was  tlie  practice  in  Hartford,  Conn., 
for  instance,  before  Mr.  Bunce  took  charge  of  the  streets,  the  clay  can 
be  rolled  up  through  the  telford  or  macadam.  The  speaker  believes 
this  was  done  almost  invariably  in  Hartford,  and  then  the  road  was 
left  as  finished. 

Mr.  Pierce,  of  Bridgeport,  built  some  70  miles  of  4-in.  trap  road, 
which  was  puddled  or  bound  more  with  sand  than  with  screenings. 
Of  that  70  miles  about  half  a  mile  broke  ujj  in  the  course  of  seven 
years.  It  broke  through  in  two  places,  and  there  he  added  3  ins.  of 
stone.  These  roads  lasted,  with  more  than  ordinarily  heavy  traffic  for 
a  town  of  that  size,  as  he  said,  for  seven  years  before  it  was  necessary  to 
resurface  any  of  them,  though,  of  course,  they  required  some  mainte- 
nance. His  i^ractice  is  interesting  and  instructive,  as  he  did  not  under- 
drain  his  roads,  nor  did  he  use  sand  or  other  material  impermeable  to 
mud  under  the  broken  stone,  but  he  puddled  his  roads  carefully  and 
kej^t  his  ditches  open  all  the  time.  In  the  spring,  when  the  grass 
started,  he  waited  for  a  hot  day  and  spread  sand  to  a  depth  of  about 
h  in.  through  the  gutters,  left  it  there  for  a  day  or  so,  then  scraped  it 
up  with  a  road  machine  and  applied  it  in  other  places.  The  sand, 
under  a  hot  sun,  burnt  and  killed  the  young  grass  and  weeds  in  a 
short  time.  That  was  understood  to  be  all  the  drainage  that  the  70 
miles  of  road  had,  except  right  in  the  town,  where  there  were  sewers. 

There  are  other  circumstances  besides  the  first  cost  of  a  road  which 
should  govern  an  engineer  in  selecting  the  style  of  road  or  the  mate- 
rial that  he  is  to  use.  In  the  City  of  New  York,  for  instance,  a  street 
cannot  be  paved,  with  the  apjjroval  of  the  law,  unless  an  assessment 
is  made  for  it.  When  a  street  is  once  assessed,  it  cannot  be  assessed 
again.  This  is  true  in  both  the  Boroughs  of  Manhattan  and  the  Bronx. 
It  is  not  so  in  Brooklyn.  The  practice,  therefore,  in  New  York  since 
1868  has  been  to  build  nothing  except  telford  roads.  Some  of  them 
have  been  16  ins. ,  and  some  22  ins. ;  none  less  than  16  ins.  deep. 
These  roads  have  this  advantage:  when  the  traffic  gets  too  heavy  for  a 
macadam  road  the  telford  foundation  is  very  good,  either  for  an  ordi- 
nary granite  or  trap  pavement;  or,  with  a  little  dressing  up  and  filling 
in  at  places,  for  an  asphalt  pavement.  So,  possibly,  there  is  engineer- 
ing justifieation,  as  well  as  legal  justification,  for  building  th^se  heavy 
roads  in  New  York.  Building  such  a  pavement  in  the  country,  how- 
ever, results  in  the  unproductive  investment  of  capital. 

In  Vermont  the  assessed  value  of  the  State  amounts  to  only  !$1  200 
l^er  mile  of  road.  The  equalized  value  of  real  and  personal  property 
subject  to  taxation,  in  the  State  of  New  York,  for  1896,  was  34  368 
712  903.  If  the  estimate  of  123  000  miles  of  road  in  the  State  is  correct, 
improving  all  the  roads  in  the  State  at  the  cost  of  $10  000  per  mile, 
as  has  been  advocated,  would  confiscate  over  27%  of  the  above  valua- 
tion.    If  the  values  assessed  against  the  counties  of  New  York,  Kings 
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and  Queens  are  taken  from  the  total  vahiation,  as  above  given,  only  Mr.  North. 
about  $4  000  per  mile  would  be  left,  on  an  average,  after  a  $10  000  im- 
provement had  been  completed.     And  it  is  in  the  poorer  portions  of 
the  country  that  the  high  cost  of  transportation  falls  with  the  most 
crushing  force. 

It  is  submitted  that  an  engineer,  or  any  one  else,  who  proposes  to 
improve  the  roads  of  the  State  of  New  York  at  the  cost  of  $10  000  a 
mile,  makes  a  mistake.  It  should  be  borne  in  mind  that  in  the  early 
practice  of  railroading,  the  cheapest  possible  roads  were  built.  Those 
were  better  than  any  highway,  and,  as  they  reduced  the  cost  of  freight- 
age, they  not  only  earned  money  for  the  company  owning  the  road, 
but  also  added  to  the  wealth  of  the  surrounding  country;  so  that  rail- 
roads which  were  originally  biiilt  for  as  low  a  price  as  $10  000  per  mile 
have  so  developed  the  wealth  of  the  country  through  which  they  ran 
that  the  increased  traffic  has  justified  several  rebuildings  of  the  road, 
while  the  freight  charges  have  been  reduced  to  8  or  10^  of  what  they 
were  when  the  road  was  opened.  This  would  have  been  impossible 
unless  the  railroad  had  presented  a  cheaijer  means  of  transportation 
than  the  highway,  and  it  would  have  been  equally  impossible  to  build 
railroads  like  the  Pennsylvania  Eailroad,  for  instance,  out  of  the  re- 
sources of  the  country  when  entirely  dependent  on  wagons  for  trans- 
portation. 

Engineers  having  charge  of  either  a  district  or  a  single  line  of  road 
are  urged  to  consider  the  possible  advantage  of  diffused  rather  than  of 
localized  expenditure;  that  is,  to  make  an  effort  to  immediately  bring 
the  roads  of  the  entire  district  up  to  the  best  standard  of  usefulness 
practicable,  increasing  the  expenditure  yearly  until  the  roads  reach 
the  desired  excellence.  While  there  are  areas  of  clay  or  sand  that  may 
require  an  immediate  large  expenditure  for  broken  stone  or  gravel  on 
their  roads,  most  of  the  roads  on  the  Atlantic  Seaboard  can  be  pnt  in 
good  order  for,  say,  ten  months  of  the  year  with  a  very  small  expenditure 
per  mile,  most  of  which  will  be  concentrated  on  one  or  more  bad 
places.  Future  expenditures  should  bring  the  roads  up  to  continuous 
usefulness.  This  is  not  intended  as  a  plea  for  poor  roads,  but  to  make 
any  expenditure  serviceable  to  the  greatest  area  possible,  and  to  admit 
of  the  marketing  of  produce  throiigh  a  longer  period  and  at  a  lessened 
expense.  It  will  be  admitted  that  the  poverty  of  the  farming  com- 
munities is  due  to  the  high  cost  of  transporting  their  produce  to  the 
consumers,  and  any  reduction  of  that  cost  must  add  an  equal  sum 
to  their  gains,  and,  consequently,  to  their  ability  to  pay  for  improved 
highways. 

T.  McC.  Leutze,  M.  Am.  Soc.  C.  E.  (by  letter).— The  State  of  New  Mr.  Leutze. 
York  appropriated  $50  000  to  be  spent  in  experimental  "object  les- 
sons "  for  the  farmers  and  dwellers  in  the  country.     Only  the  Sche- 
nectady and  Troy  road  is  actually  under  construction,  but  surveys 
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Mr.  Leutze  and  plans  are  ready  for  other  roads.  One  road  in  the  first  stage  of 
construction  is  hardly  an  "  object  lesson."  Nevertheless,  the  number 
of  applications  that  have  been  filed  for  the  improvement  of  roads  is 
beyond  expectation,  and  shows  that  the  Supervisors  of  the  various 
counties  are  fully  alive  to  the  necessity  of  good  roads,  and  are  anxious 
to  take  advantage  of  the  offer  of  the  State  to  pay  half  the  cost. 

Thinking  it  may  be  of  interest,  the  writer  gives  herewith  a  list  of 
the  petitions  received,  from  which  it  will  be  seen  how  totally  inade- 
quate is  the  sum  of  $50  000  to  carry  out  the  desires  of  the  various 

counties. 

Counties.  Petitions.  Miles. 

Erie 6  48 

Orange 8  141 

Kockland    11  38 

Monroe 15  102^ 

Columbia 1  2 

Schenectady 1  2 

Oneida 1  2k 

Onondaga 3  2| 

Eensselaer 4  17§ 

Totals 50  356 

This  would  involve —  at  $10  000  a  mile  roiaghly — the  large  appro- 
l^riation  of  Bl  680  000  on  the  part  of  the  State  to  cover  the  petitions 
already  filed,  and  as  the  Legislature  cannot  appropriate  more  than 
$1  000  000  at  a  session,  it  is  evident  that  some  of  the  jjetitions  will 
have  to  wait. 

It  would  be  pleasant  to  be  able  to  build  a  road  as  it  ought  to  be 
built ;  that  is,  a  standard  road  with  perfect  tile  side  drainage,  proper 
grades  and  sloj^es,  cobble  gutters,  fences  on  embankments,  and  a  sub- 
stantial thickness  of  Avell-rolled  macadam — the  writer's  idea  of  thick- 
ness being  8  ins.  on  a  thoroughly  rolled  subgrade.  Such  are  the 
roads  that  nearly  all  desire,  but  as  soon  as  the  price  is  mentioned,  the 
elimination  of  items  and  quantities  is  demanded.  Drainage  is  grudg- 
ingly admitted  to  be  necessary,  the  fences  are  omitted,  the  macadam 
shrinks  to  a  thin  veneer,  and  the  result  is  a  cheap  road.  Take  the 
Schenectady  and  Troy  road,  for  instance.  In  the  first  j)lans  the  writer 
provided  4-in.  tile  side  drains,  cobble  gutters  and  8  ms.  of  macadam 
18  ft.  wide.  The  grades  were  better  than  in  the  iiresent  plan,  but  the 
tiles  and  cobble  gutters  had  to  be  omitted,  the  grades  changed,  as 
excavation  and  embankment  ran  too  high,  and  the  macadam  reduced 
to  6  ins.  in  thickness  and  16  ft.  in  Avidth.  The  writer  does  not  lay  so 
much  stress  on  the  width  as  on  the  thickness,  in  the  sandy  soil  preva- 
lent in  that  part  of  the  State.  It  was  even  demanded  that  the  use  of 
the  stone  peculiar  to  that  vicinity  should  be  used  in  the  macadam — 


I 


DISCUSSION    ON    ROAD    BUILDING.  123 

"  Aqueduct  Stone,"  a  shale  tliat  would  turn  to  clay  in  the  first  storm.  Mr.  Leutze. 
This  was  happily  averted,  and  the  present  State  Engineer  will  insist 
on  trap  rock  covering,  at  least,  on  all  roads  where  macadam  is  to  be 
used. 

The  writer  consoles  himself  with  the  theory  elucidated  by  Mr. 
North  in  an  article  in  the  New  York  3Iail  and  Express,  in  which  he 
suggests  the  propriety  of  making  a  road  during  the  first  year,  that  a 
farmer  can  use  six  months  of  the  year  where  he  could  only  use  it 
three  months  before  ;  to  improve  it  in  the  following  year,  so  that  the 
farmer  would  be  able  to  use  it  nine  months  instead  of  six  months,  etc., 
etc.,  and  in  this  way,  if  first-class  roads  could  not  be  built,  "make 
the  punishment  fit  the  crime." 

The  Columbia  County  road  is  an  entirely  new  one.  It  leaves  the 
old  road  through  the  Shaker  settlement  at  Mount  Lebanon  to  the 
left,  and,  by  following  the  contour  of  the  hills,  connects  with  the  Mas- 
sachusetts road  (improved)  at  the  State  Line,  and  secures  a  5% 
gradient  over  the  entire  mountain  into  Pittsfield.  As  some  of  the 
gradients  on  the  old  Shaker  Eoad  are  20%,  19%,  17%,  etc.,  the  advan- 
tage attained  can  be  imagined.  Economy  here  again  demands  a 
gravel  covering,  splendid  material  being  handy  for  haul. 

This  road,  including  wire  fencing,  thorough  drainage,  one  40-ft. 
span  bridge,  one  48-in.  wrought-iron  pipe  culvei't,  numerous  cross-tile 
drains,  and  about  16  600  cu.  yds.  of  material  to  be  handled  in  grading 
the  road,  will  cost  about  S9  000  for  6  500  ft. 

There  was  considerable  trouble  in  persuading  the  Shakers,  who  own 
all  the  lands  in  the  vicinity,  to  grant  the  right  of  way,  but  after 
months  of  persuasion  they  granted  it.  It  seems  strange  that  a  jDCople 
which  has  preached  isolation  for  nearly  one  hundred  years  should 
object  the  very  first  time  that  this  realization  of  their  doctrine  was 
possible. 

Wakren  B.  Travell,  Jun.  Am.  Soc.  C.  E.  (by  letter). — During  the  Mr.  Travell. 
past  year  and  a  half  the  writer  has  done  some  experimental  work  with 
thin  coverings  for  dirt  roads,  which  may  be  of  interest  to  engineers 
having  to  contend  with  similar  conditions.  The  work  was  done  in 
the  Borough  of  Manhattan,  on  Fort  Washington  Avenue,  which  begins 
at  One  Hundred  and  Fifty-ninth  Street  and  the  Boulevard,  and  runs 
northerly  to  Inwood.  Until  the  summer  of  1897  this  was  a  dirt  road, 
but  lightly  traveled  in  the  best  of  weather  and  quite  impassable  in 
times  of  rain.     The  soil  is  a  micaceous  sandy  clay. 

During  that  summer  the  writer  spread,  on  a  mile  and  a  half  of  the 
road,  a  thin  covering  15  ft.  wide,  using  a  variety  of  road  material, 
with  the  express  object  of  determining  the  smallest  possible  cost  at 
Avhich  a  dirt  road  having  light  traffic  could  be  rendered  resijectable 
in  New  York  City.  There  was  no  grading  done,  the  only  preparation 
being  a  simple  scraping  and  rolling,  which  it  was  customary  to  give 
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Mr.  Tiavell.  the  road  about  every  week.     Beginning  at  One  Hundred  and  Fifty- 
ninth  Street,  the  sections  were  spread  with  material  as  follows: 


Section.  Location.  Lengtli. 

1.  159th-163d    Sts..  1523ft. 

2.  163d  -165th  Sts  . ,  420  ft. 

3.  165th-167th  Sts  . .  554  ft. 

4.  167th-179th  Sts   .  3  157  ft. 

5.  179th-182d    Sts..  813ft. 

6.  182d  -188th  Sts . .  1  652  ft. 


Material. 
2-in.  Roa  Hook  gravel, 
^-in.  Roa  Hook  gravel  screenings. 
|-in.  feldspar  (no  dust). 
2-in.  Roa  Hook  gravel, 
feldspar  screenings, 
l-in.  limestone  (no  dust). 


The  following  are  the  itemized  costs  of  the  several  sections: 

Sections  Nos.  1  and  4. — 2-in.  Roa  Hook  Gravel. 
Length 4  680  ft. 


Width . 
Thickness . 
Cost: 


15  ft. 
2  ins. 


451  cu.  yds.  of  material  at  $1.97  (delivered) 

Spreading,  213  hovirs  at  25  cents 

Sprinkling  and  rolling,  298  hours,  at  50  cents. 
Superintendence,  tools,  etc 


.47 

53.25 

149.00 

41.00 


Total  cost 

Cost  per  running  foot . 
Cost  per  mile 


Length. . . 
Width. . . . 
Thickness. 
Cost: 


Section  No.  2. — Gravel  Screenings. 


60  cii.  yds.  of  material  at  $1.97,. . 

Spreading,  24  hours 

Sprinkling  and  rolling,  15  hours. 
Superintendence,  tools,  etc 


n  131.72 

.2418 
1  277.02 


420  ft. 
15  ft. 
3  ins. 

$118.20 
6.00 
7.50 
3.00 


Total  cost 

Cost  per  running  foot . 
Cost  per  mile ,  . . 


Section  No.  3. — f-in.  Feldspar  Stone. 

Length 

Width   

Thickness 

Cost: 

51  cu.  yds.  of  material  at  $1.40 

Spreading,  22  hours 

Hauling  and  spreading  12  cu.  yds.  of  rotten  stone 
earth 

Sj^rinkling  and  rolling 

Superintendence,  tools,  etc 


$134.70 

.3207 
1  693.29 


554  ft. 
15  ft. 

2  ins. 

$71.40 
5.50 

18.00 

17.00 

8.00 


Total  cost 

Cost  per  running  foot. 
Cost  per  mile , 


$119.90 

.2178 
1  149.98 
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Section  No.  5. — Feldspar  Screenings.  Mr.  Travell. 

Leugtli 813  ft. 

Width  15  ft. 

Thickness 2  ins. 

€ost: 

70  cu.  yds.  of  material  at  -f  1.40 !g98  00 

Si^reading,  25  hours 6 .  25 

Sprinkling  and  rolling,  32  hours 16 .  00 

Superintendence,  tools,  etc 4 .  00 


Total  cost $124:. 25 

Cost  per  running  foot .  1528 

Cost  per  mile 806 .  78 

Section  No.  6.— f-in.  Limestone. 

Length 1  652  ft. 

Width   15  ft. 

Thickness 2  ins. 

Cost: 

146  cu.  yds.  of  material  at  $1.40 $204.40 

Sjareading,  48  hours 12 .  00 

Hauling  and  spreading  27  cu.  yds.  of  rotten  stone 

earth 40 .50 

Sprinkling  and  rolling ...    40 .  00 

Superintendence,  tools,  etc 18 .  00 


Total  cost $314.90 

Cost  joer  running  foot .  1906 

Cost  per  mile 1  006.37 

More  than  a  year  has  now  passed  since  this  work  was  completed, 
no  new  material  having  been  added  in  the  meantime,  excej^t  a  few 
loads  of  gravel  screenings.  The  section  between  One  Hundred  and 
Fifty -ninth  and  One  Hundred  and  Sixty-fifth  Streets  has  had  to  stand 
an  unusually  heavy  traffic,  owing  to  the  use  of  this  stretch  by  trucks 
hauling  material  for  the  macadamizing  of  Boulevard  Lafayette.  The 
road  shows  a  decided  improvement,  however,  over  its  former  condi- 
tion, though  it  is  somewhat  cut  up  by  ruts,  and  the  dirt  has  broken 
through  in  a  few  places.  The  short  strips  covered  with  gravel  screen- 
ings and  feldspar  screenings  were  not  satisfactory.  The  feldsiDar 
screenings  Avere  quickly  ground  into  dust  or  mud,  while  the  gravel 
screenings  resembled  sand,  and  would  not  comi^act  under  traffic.  The 
rest  of  the  road  has  preserved  its  surface  very  well.  The  best  sections 
are  those  covered  with  |-in.  limestone  and  J-in.  feldsjaar,  materials 
which  behaved  especially  well  on  hills.  The  coarse  gravel  furnishes 
a  hard,  firm  surface,  though  not  as  smooth  as  that  of  the  broken 
stone.  It  will  be  noticed  that  these  three  best  sections  cost  between 
$1  000  and  .^1  280  per  mile,  or  from  19  to  24  cents  per  running  foot. 
In  localities  where  stone  and  labor  are  cheaper,  the  cost  would  be 
considerably  less.     The  writer  wishes  to  bring  out  the  point  that  on 
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Mr.  Travell.  this  avenue,  where  the  construction  of  an  expensive  pavement  was 
entirely  out  of  the  question,  and  where  the  traffic  consists  chiefly  of 
carriages  and  light  delivery  wagons,  a  roadway  has  been  l)uilt  which, 
as  regards  its  present  utility,  is  equal  to  a  pavement  costing  ten  times 
as  much. 

The  limestone  iTsed  was  from  the  Tomkins  Cove  quarry.  Its  an- 
alysis may  be  found  in  the  Transactions,  Am.  Soc.  C.  E.,  Vol.  VIII,  page 
98.  The  stone  referred  to  as  feldspar  came  from  Clinton  Point,  south 
of  Poughkeepsie,  N.  Y.     Its  analysis  is : 

Silica 63. 24  per  cent. 

Alumina  and  sesqui oxide  of  iron 19.52         " 

Lime 3.80         " 

Magnesia 1. 29         " 

Carbonic  acid 2.72         " 

Alkalis,  etc 9.43 

100.00 

The  average  crushing  strength  of  cubes  of  less  than  2  ins.  is  30  580 
lbs.  per  square  inch. 

In  the  City  of  New  York  it  is  illegal  to  assess  a  piece  of  property 
for  more  than  half  its  valuation  at  one  time,  so  it  is  customary  to 
allow  a  street  or  road  to  remain  unpaved  until  the  property  increases 
in  value  sufficiently  to  stand  the  assessment  for  an  expensive,  per- 
manent pavement.  After  this  first  pavement  is  laid,  the  city  pays  for 
all  maintenance  and  repaving,  but  until  this  time  the  newly  opened 
street  or  suburban  road  must  struggle  through  a  long  period  of  growth 
with  its  surface  quite  impassable  for  at  least  three  months  of  the  year, 
and  in  poor  condition  during  the  remaining  nine.  This  period  of 
growth  is,  of  all  times,  the  most  critical  in  the  history  of  a  locality 
— a  time  when,  if  at  all,  the  city  or  county  should  extend  its  aid, 
and,  by  comparatively  small  expenditures,  maintain  such  streets  in  a 
respectable  condition  until  the  permanent  jjavement  is  laid. 

Such  assistance  would  increase  valuations  so  greatly  that  the  in- 
creased taxation  would  pay  for  the  improvement  many  times  over,  and, 
by  thus  fostering  the  growth  of  the  locality,  would  hasten  the  time 
when  the  expense  of  a  better  improvement  could  well  be  afforded. 
Mr.  Cudworth.  Y.  G.  CuDWOETH,  Esq.  (by  letter).— The  writer,  under  the  immedi- 
ate direction  of  Edward  P.  North,  M.  Am.  Soc.  C.  E.,  then  Consulting 
Engineer  of  the  Department  of  Public  Works,  New  York  City,  had 
charge  of  the  resurfacing  of  Seventh  Avenue,  between  One  Hundred 
and  Tenth  and  One  Hundi-ed  and  Forty-fifth  Streets,  in  the  summer 
and  fall  of  1897.  The  area  resurfaced  was  81  675  sq.  yds.,  and  the  aver- 
age depth  of  material  was,  aj)i3roximately,  3  ins. 

The  old  roadbed  was  not  broken  up  to  a  depth  of  3  or  4  ins.  by 
pick  points  in  the  wheels  of  the  roller,  but  the  surface,  after  a  thorough 
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cleaning  by  scraping  witli  stub  wire  brooms,  was  scored  or  pitted  by  Mr  Ciulwortli. 
hand  labor  with  pickaxes,  the  pits  being  from  8  to  14  ins.  apart.  The 
old  surface  was  in  a  satisfactorily  compact  condition,  and  the  intention 
was  to  retain  it  as  nearly  intact  as  possible,  and  yet  produce  such 
roughness  as  would  effectually  prevent  the  sliding  of  the  new  material. 
On  the  roadbed  thus  prepared  the  new  material  was  spread  to  the 
required  depth,  and  the  roller  was  passed  over  it  twice  without  the 
addition  of  screenings  or  water.  Then  the  entire  surface  was  covered 
with  trap-rock  screenings  containing  about  '20%  of  flour,  and  water 
was  apjilied  until  the  whole  was  thoroughly  wet.  The  rolling  was 
kept  up  constantly  during  the  wetting,  and,  with  the  addition  of  more 
screenings,  was  continued  until  the  new  material  was  thoroiighly  con- 
solidated, and  enough  screenings  bad  been  forced  in  to  fill  all  voids  in 
the  coarse  stone,  and  bring  a  thin  mortar  to  the  siirface  in  front  of  the 
roller.  Each  block  (80  ft.  x  220  ft.)  after  being  jjuddled  in  this  manner 
was  allowed  to  dry  out  for  10  or  12  hours,  and  was  then  covered  with 
coarse  screenings  to  the  depth  of  -j-  in. ,  and  opened  to  traffic. 

To  estimate  the  time  and  cost  per  square  yard,  accounts  were  care- 
fully kept  on  eleven  out  of  the  thirty-five  blocks,  aggTCgating  an  area 
of  21  908.3  sq.  yds.  The  time  of  roller  work  on  this  area  was  464|- 
hours,  giving  as  an  average  47.15  sq.  yds.  finished  per  hour,  with  ex- 
tremes of  38.4  and  65.1  sq.  yds.  per  hour,  or,  in  other  words,  the 
average  time  per  1  000  sq.  yds.  was  21.2  hours. 

The  cost  of  rolling  per  hour,  allowing  one-tenth  of  the  watchman's 
time,  was  as  follows: 

Engineer 30 

Fireman 15 

Coal  and  oil 40 

Sprinkling "30 

Watchman 15 

Total SI . 30,  or  2. 765  cents  per  square  yard. 

The  following  amounts  should  be  added  to  obtain  the  labor  cost  of 
resurfacing: 

Rolling  per  square  yard $0. 02765 

Scraping  and  sweeping 0 .  02000 

Picking  old  surface 0 .  01500 

Spreading  stone 0 .  02000 

$0.08265 
or  about  8j  cents  per  square  yard. 

The  amount  of  material  jDaid  for  by  the  contractors  and  placed  on 
the  avenue  was:  8  878  cu.  yds.  of  2-in.  trap  rock,  and  4  763  cu.  yds.  of 
trap  screenings.  It  will  be  noticed  that  the  quantity  of  trap  delivered 
overruns  the  assumed  quantity  on  the  road  by  about  S0%,  or,  in  other 
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Mr.  Cudworth.  worcls,  3.9  ins.  of  Viroken  stone  were  spread  on  the  road,  and  2.1  ins.  of 
screenings  were  added.  There  was  no  opportunity  for  settlement  in 
this  instance.  The  avei'age  thickness. 'however,  may  have  been  under- 
estimated, though  the  contractor  did  not  expect  to  j)ut  on  over  2f  ins. 
of  compacted  material,  plus  \  in.  of  screenings  as  a  top  dressing. 

The  work  was  finished  in  the  latter  part  of  December,  1897.  No 
difficulty  was  experienced  from  the  stone  creeping  in  front  of  the  roller, 
and  no  part  of  the  road  has  at  any  time  broken  up.  Seventh  Avenue, 
in  consen[uence  of  the  repaving  of  Eighth  Avenue  and  the  delapidated 
pavement  on  Lenox  (or  Sixth)  avenue,  has  had  an  unusual  amount  of 
heavy  traffic  since  the  comi^letion  of  this  work,  and  there  is  also  prob- 
ably more  fast  driving  there  than  on  any  other  street  or  road  in  the 
world. 
Mr.  McCann.  T.  H.  McCann,  M.  Am.  Soc.  C.  E.  (by  letter).— Diaring  the  sum- 
mer of  1890  the  writer  was  called  upon  to  take  charge  of  the  rejjair- 
ing  of  about  5  miles  of  telf ord  and  2  miles  of  macadam  I'oads  m  North 
Hudson  County,  N.  J.  These  roads  ran  through  five  different  towns, 
which  supplied  the  necessary  crushed  stone,  but  the  money  to 
pay  for  the  labor  was  subscribed  by  public-spirited  citizens,  one 
of  whom,  Col.  E.  A.  Stevens,  purchased  for  the  work  a  15-ton  steam 
roller  at  a  cost  of  $5  000. 

The  widths  of  the  telford  roads  ranged  from  20  to  30  ft.,  and  the 
width  of  the  macadam  roads  was  12  ft.  The  former  had  been  con- 
structed in  a  first-class  manner  thirteen  years  previous,  but  remained 
neglected  up  to  the  time  of  the  repairing,  and  were  worn  down  to 
the  foimdations;  the  latter  were  old,  unscientifically  constriieted, 
stone  roads  in  very  bad  condition. 

The  method  of  repairing  was  as  follows:  After  the  gutters,  cul- 
verts and  drains  had  been  thoroughly  cleaned  out  and  graded,  and 
the  road  surface  cleaned  of  mud  and  slush,  two  courses  of  crushed 
trap  stone,  sufficient  to  bring  the  surface  to  grade,  were  applied  to 
the  foundation.  The  first  course  consisted  of  2^-in.  stone,  over  which 
was  sprinkled  selected  dry  loam;  upon  this  was  sj^read  l^-in.  stone, 
and,  after  a  lavish  use  of  water  supplied  by  the  "Water  Company 
without  charge,  the  whole  was  rolled  until  the  binding  came  to  the 
surface  in  puddle.  This  was  swept  off",  trap  screenings  were  spread 
on  while  the  .surface  was  still  wet,  and  the  road  again  thoroughly 
rolled,  when  it  was  ready  for  use.  These  repairs  were  done  longi- 
tudinally, taking  half  the  width  of  the  road  at  a  time.  The  plant  con- 
sisted of  a  cart,  a  watering  wagon  and  the  steam  roller.  The  working 
gang  was  composed  of  five  men  and  a  foreman.  This  force  was  en- 
gaged during  four  months  at  an  expense  of  about  8  cents  i^er  square 
yard  of  road.  This,  with  the  cost  of  the  stone  furnished  by  the  towns, 
made  a  total  cost  of  about  20  cents  per  square  yard. 

From  the  foregoing  and  similar  experiences,  the  writer  is  convinced 
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that  this  method  of  repairing  is  preferable  to  that  of  continuous  patch-  Mr.  McCann. 
ing  in  spots.     In  other  words,  it  would  seem  to  be  better  to  allow  a 
road  to  wear  down  a  few  inches,  and  then  repair  it  as  a  whole. 

As  to  the  use  of  binder  on  new  roads,  the  writer  agrees  with  Mr. 
Owen  that  this  is  a  matter  of  judgment,  depending  upon  the  locality, 
the  kind  of  stone  used,  the  nature  of  the  traffic  and  the  speed  with 
which  it  is  necessary  to  complete  the  work.  The  writer's  experience 
with  trap  telford  has  been  similar  to  Mr.  Harrison's,  i.  e. ,  that  excel- 
lent roads  can  be  constructed  without  earth  binder,  but  more  time 
will  be  required. 

One  serious  concern  to  the  engineer  is  the  construction  of  roads 
over  swamps  and  peat  bogs.  After  considerable  experience  in  this 
line  the  writer  has  come  to  the  following  conclusions:  If  the  line  is 
over  a  soft,  deep,  wet  and  yielding  swamp  it  may  be  the  cheapest  and 
best  plan,  provided  timber  is  handy,  to  float  the  road  on  a  raft  made 
of  long  poles;  a  bottom  course  laid  longitudinally,  with  broken 
joints,  a  second  course  laid  transversely  and  covered  with  brush. 
The  grade  line  should  be  the  lowest  permissible,  and  the  filling  free 
from  deleterious  matter,  and  the  lightest  obtainable,  in  order  to  re- 
duce the  weight  as  much  as  possible.  Side-ditching  should  not  be 
done  along  these  roads,  as  this  destroys  the  sustaining  power  of  the 
peat;  but  drains  should  be  made  a  considerable  distance  from  the 
road.  This  also  applies  where  embankments  are  constructed  over 
swamps. 

In  filling  in  over  peat  bogs,  it  seldom  happens  that  the  embank- 
ment sinks  to  the  hard  underlying  bottom,  and  in  making  j^reliminary 
estimates  of  the  amount  of  filling  necessary,  it  is  very  difficult  to 
determine  the  correct  settlement.  It  can  only  be  said  that  on  ordi- 
nary marshes  it  is  not  safe  to  assume  a  settlement  of  less  than  1^  ft. 
for  each  foot  of  height  above  the  surface  of  the  swamp  for  embank- 
ments whose  grade  lines  are  from  2  to  5  ft.  above  the  peat  surface. 

As  the  writer  stated  in  his  discussion  on  "  The  Compressibility  of 
Salt  Marsh  Under  the  Weight  of  Earth -Fill,"*  there  is  no  constant 
relation  between  the  depth  of  the  marsh  to  hard  bottom,  and  the 
height  of  the  fill  above  its  siirface.  This  relation  is  largely  dependent 
on  the  nature  of  the  swamp  material.  Observing  the  sinking  of  a 
sounding  rod,  and  taking  borings  to  hard  bottom,  will  often  aid  in 
forming  judgment  in  this  matter.  As  stated  before,  it  is  desirable  in 
constructing  roads  of  this  kind,  to  keep  the  grade  line  as  low  as 
possible.  If  the  road  is  not  to  be  used  for  railroad  purposes,  it  need 
not  be  brought  to  extreme  high-water  line  over  a  swamp  where  there 
are  no  currents.  The  inconvenience  to  the  public  from  a  foot  or  so 
of  water  on  the  road  during  the  short  period  of  an  occasional  extreme 
high  water  may  not  be  of  such  a  serious  nature  as  to  warrant  the  ex- 
*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxvii,  p.  219. 
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Mr.  McCann.  pense  of  filliug  above  that  line.  The  first  macadam  covei'iug  should 
be  of  the  thinnest,  as  there  is  sure  to  be  some  settlement  which  can 
be  made  good  by  the  addition  of  stone  from  time  to  time,  finally  mak- 
ing a  considerable  thickness  of  metal  on  the  road.  Telford  is  not  ta 
be  recommended  on  swamp  roads. 

A  few  years  ago  the  writer  constructed  a  trolley  road  over 
some  tidal  swamp  land.  It  was  a  double-track  line,  each  track  being- 
laid  on  the  outer  side  of  an  old  plank  road.  This  old  road  had  been 
made,  many  years  before,  by  laying  3-in.  planks  transversely  on  the 
surface  of  the  meadow.  The  grade  line  was  about  2  ft.  above  the 
meadow,  and  about  2  ft.  below  occasional  extreme  high  tide.  The 
depth  of  the  filliug  over  the  planks  varied  from  4  to  6  ft.,  and  the 
depth  to  hard  bottom  was  from  30  to  60  ft.  In  constructing  the 
trolley  line  it  was  necessary  to  widen  the  road  on  either  side  about 
3  ft.  beyond  the  ends  of  the  old  planks,  and  to  excavate  1  ft.  for  the 
subgrade.  In  doing  this,  great  care  was  taken  not  to  disturb  or  cut 
the  peat  surface,  which  was  more  or  less  firm,  althoixgh  in  places  not 
firm  enough  for  a  person  to  walk  upon  without  sinking  nearly  to  the 
knees.     The  filling  was  boiler-house  cinders. 

The  trolley  road  was  in  operation  over  a  year  before  any  resurfac- 
ing was  necessary,  and  then  the  settlement  was  found  to  be  fairly 
uniform  along  the  track.  About  once  a  year  this  road  is  submerged 
18  ins.  by  the  extreme  high  tide,  thus  making  it  necessary,  for  a  few 
hours,  to  draw  the  cars  by  horses,  the  comj^any  having  no  authority 
to  raise  the  grade. 

In  another  embankment,  built  in  1897,  over  a  tidal  swamj)  on  the 
shores  of  the  Passaic  River,  a  settlement  of  only  2  ins.  was  found 
after  the  road  had  been  subjected  to  considerable  heavy  trafiic  for  one 
year.  This  road  is  80  ft.  wide,  with  a  40-ft.  carriageway.  The  grade 
line  is  an  incline,  varying  from  4  to  20  ft.  above  the  surface  of  the 
marsh.  The  swamp  was  a  firm  peat  bog  at  the  elevation  of  mean  high 
water,  but  too  soft  for  a  person  to  walk  upon  without  sinking  nearly 
to  the  knees.  The  depth  to  hard  bottom  was  8  ft.  below  the  bog  sur- 
face. Borings  into  the  embankment  disclosed  the  fact  that  the  com- 
pression of  the  marsh  was  nearly  uniform;  that  is  to  say,  the  bottom 
of  the  24-ft.  fill  was  only  1  ft.  lower  than  that  of  the  8-ft.  fill.  The 
IJreliminary  estimate  was  2  000  cu.  yds.  in  excess  of  the  quantity 
determined  by  the  cross-section  borings. 
Mr.  Burke.  M.  D.  BuKKE,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  does  not 
exj^ect  to  adduce  anything  new  ui^on  this  subject,  but  wishes  to  offer 
a  suggestion  or  two  regarding  the  definitions  of  terms  used  by  others 
in  the  discussion. 

All  agree  that  "thorough  drainage"  is  necessary,  yet  no  one  has 
very  clearly  defined  the  term,  or  described  the  means  by  which  it  is  to 
be  secured.     If  the  impression  be  conveyed  that  thorough  drainage 
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is  supplied  wlien  ditches  or  conduits  are  provided  by  which  the  Mr.  Burke, 
rainfall  is  conducted  from  the  roadway,  the  idea  will  only  be  cor- 
rect in  exceptional  cases.  In  general,  the  soil  supporting  or  under- 
lying the  roadway  must  be  drained  to  give  it  the  sustaining  power  to 
carry  the  traffic.  If  the  soil  underlying  a  level  road  becomes  saturated, 
or  if  the  soil  water  rises  to  the  level  of  the  roadway,  no  macadam  or 
telford  covei'ing  that  can  be  placed  upon  it  will  sustain  any  consider- 
able traffic.  The  drainage,  therefore,  to  be  thorough  and  efficient, 
must  lower  the  water  level  2  ft.  or  more  below  the  roadbed. 

Upon  all  gradients  where  the  subsoil  is  not  comisosed  of  sand  or 
gravel,  from  which  the  ground  water  finds  a  convenient  exit,  the  plane 
of  the  road  will  cut  across  lines  or  planes  of  pervious  material,  through 
or  along  which  the  water  will  reach  the  surface  of  the  ground  beneath 
the  stone  covei-ing  of  the  roadway,  and  destroy,  not  only  the  bearing 
power  of  the  soil,  but  also  the  cohesion  of  the  metal.  If  those  cur- 
rents be  not  intercepted  (and  they  are  seldom  visible  during  the  con- 
struction of  the  road),  and  the  moisture  conducted  from  them  to  the 
side  drains,  the  drainage  will  not  be  thorough.  Tile  drains  beneath 
the  roadway  are  likely  to  become  broken  or  clogged.  The  writer  has 
found  that  trenches  filled  with  porous  material,  such  as  coarse  sand, 
sandy  gravel  or  broken  stone  and  sand,  leading  diagonally  to  the  side 
drains  are  more  reliable,  and  cost  less,  than  any  other  form  of  sub- 
soil drain  that  has  come  to  his  notice.  The  side  drains  described 
by  Mr.  McClintock  will  generally  be  efficient,  but  there  are  many  locali- 
ties where  the  diagonal  subsoil  di-ain,  or  a  substitute  for  it,  is  necessary. 

All  clay  soils  that  are  to  support  macadam  or  telford  roadways, 
after  being  properly  drained  and  compacted  by  rolling,  should  be 
covered  with  a  layer  of  coarse  sand  or  fine  gravel,  and  at  frequent  in- 
tervals this  layer  should  extend  to,  and  be  efficiently  connected  with, 
the  side  drains.  It  is  well  to  understand  that  the  i)urpose  of  this  ma- 
terial is  to  form  a  pervious  stratum  beneath  the  macadam,  which  will 
intercept  the  moistui'e  escaping  from  the  soil,  and  lead  it  to  the  side 
drains,  rather  than  into  the  covering  of  stone,  where  it  is  likely  to 
freeze  and  destroy  the  solidity  of  the  road  covering. 

Upon  any  roadway  covered  with  metal  to  a  dej^th  of  6  ins.  or  more, 
it  is  obvious  that  the  sole  use  of  the  lower  portion  of  the  metal  is  to 
distribute  the  weight  upon  the  soil  beneath  it.  It  follows,  therefore, 
that  the  bottom  or  first  course  of  stone  can  consist  of  any  convenient 
material  that  is  suited  to  that  purpose.  If  the  material  be  limestone, 
it  must  be  free  from  shale,  for  upon  exposure  to  the  weather  that  soon 
becomes  clay,  which  the  frost  uses  as  a  disintegrating  element  in  the 
roadway.  If  it  be  sandstone,  it  must  have  sufficient  strength  to  I'esist 
crushing,  and  to  prevent  displacement  by  the  harder  fragments  of 
stone  overlying  it  when  they  are  acted  upon  by  the  concussions  and 
pressure  of  the  traffic.     Whatever  the  material  may  be,  it  is  evident 
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Mr.  Burke,  that,  wliere  it  is  economical  to  do  so,  a  compact  limestone,  a  dense,  hard 
sandstone,  an  inferior  granite,  or  gneiss,  will  serve  for  this  part  of  the 
road  covering  almost  as  well  as  the  hardest  trap  rock.  Whether  it  be 
placed  in  the  form  of  a  telford  pavement,  or  broken  into  cubical  frag- 
ments, the  sides  of  which  measure  not  more  than  2  or  3  ins.,  will  mat- 
ter little,  as  the  advantage  will  generally  lie  with  that  which  becomes 
most  compact  under  the  roller,  and  can  be  placed  in  that  form  at  the 
least  cost.  Under  the  pressure  of  the  roller,  the  sand  will  be  forced 
into  the  spaces  between  the  stones,  while  if  the  sand  be  omitted,  those 
spaces  will  be  filled  with  clay,  a  condition  adverse  to  drainage  and 
conducive  to  destruction  by  the  action  of  frost. 

The  wearing  surface  should  be  composed  of  the  most  refractory 
material,  obtainable  at  reasonable  cost,  that  can  be  united  into  a  com- 
l^act  mass.  The  whin-stones,  or  trap  rocks,  and  the  harder  granites, 
are  the  most  desirable,  but  the  limestones  are  most  widely  distributed 
and  generally  available.  No  valid  reason  can  be  assigned  for  making 
this  coat  more  than  3  or  4  ins.  in  thickness.  The  fragments  compos- 
ing it  should  not  be  too  small,  as  then  they  are  more  easily  disiDlaced, 
and  consequently  wear  more  rapidly.  All  crevices  between  them 
should  be  filled  with  finely  crushed  rock,  be  thoroughly  worked  in 
with  steel  brooms,  while  dry,  and  then  be  wetted  and  rolled  until  the 
surface  is  perfectly  smooth  and  hard.  No  clay  or  other  substance 
readily  soluble  in  water  should  be  used  as  a  binder  or  for  any  other 
purpose.  It  is  very  pleasant  to  see  the  beautiful  surface  that  can  be 
IDroduced  so  readily,  during  the  summer  and  autumn  months,  by 
rolling  the  clay  or  loam  with  the  crushed  stone,  but  when  the  frost 
enters  and  not  only  picks  the  lock,  but  destroys  the  entire  combina- 
tion, the  results  are  very  discouraging.  A  sharp  silicious  sand  is 
sometimes  necessary  to  secure  the  requisite  bond,  and  in  the  early 
repairs  of  the  road  it  is  probably  the  best  material,  if  sparingly  ap- 
l^lied;  but  when  dry  it  affords  considerable  dust.  When  the  road  is 
constructed  of  limestone,  the  screenings  should  be  used  without 
separating  the  dust  from  them,  pi'ovided  the  stone  was  clean  when  it 
went  to  the  crusher.  Limestone  screenings  may  be  used  with  whin- 
stone  or  granite,  with  which  they  will  readily  form  a  bond,  and  inas- 
much as  the  crushing  of  the  harder  stones  seldom  affords  sufiicient  fine 
material  for  completing  the  roadway,  their  use  as  a  binder  is  quite 
common,  and  is  generally  satisfactory.  In  form,  the  fragments  consti- 
tuting the  wearing  surface  should  be  as  nearly  cubical  as  can  be  ob- 
tained from  crushers,  and  in  size,  they  should  not  exceed  2  ins.  or  be 
less  than  1^  ins. 

On  a  new  road,  the  most  troublesome  factor  is  the  steel-clad  hoof 
of  the  roadster  when  traveling  at  high  speed,  as  the  blow  which  it 
strikes  is  likely  to  loosen  fragments  of  rock,  and  a  species  of  ravel- 
ing out  follows,  if  the  defect  be  not  remedied.     No  better  remedy  is 
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known  to  the  writer  than  to  keep  the  surface  lightly  covered  with  Mr.  Burke, 
screenings,  and  have  a  trusty  man  with  proper  tools  make  frequent  re- 
pairs of  the  incipient  damages  until  they  cease  to  appear. 

The  form  to  be  given  to  the  roadway  should  be  such  as  to  cause 
the  travel  to  be  distributed  over  its  entire  surface.  The  high  crown 
will  cause  the  traffic  to  follow  the  center  of  the  roadway.  No  sensible 
horse  will  travel  upon  a  side  hill  when  he  can  as  easily  go  on  the  top 
of  it.  The  low  flat  curve  will  retain  no  water  upon  its  siirface,  and 
will  generally  distribute  the  traffic  effectually.  There  is  no  sensible 
method  of  maintaining  roadways  other  than  that  of  constant  inspec- 
tion and  repairs.  No  road  can  be  said  to  be  in  proper  repair  when  it 
is  thickly  covered  with  dust  or  mud,  so  that  cleaning  and  repairing 
should  not  be  separated. 

When  the  telford  or  bottom  course  of  broken  stone  is  omitted,  and 
the  soil  is  smoothed,  drained  and  compacted,  and  has  a  thin  layer  of 
broken  stone  or  gravel  rolled  directly  into  it,  it  becomes  the  thin  road 
so  interestingly  described  by  Mr.  Travell.  Plainly,  this  form  of  road 
is  adapted  to  the  lanes  and  byways  of  the  country,  and  the  cost  places 
it  within  the  reach  of  the  farmer,  but  its  construction,  and  particularly 
its  maintenance,  requires  appliances  and  skill  which  are  not  commonly 
used  in  the  work  done  on  country  roads.  Millions  of  dollars  are  an- 
nually expended  in  the  United  States  in  building  and  maintaining 
macadam  and  gravel  streets  and  roads,  but  the  methods  used  are  in  no 
way  similar  to  those  described  in  this  discussion,  and  the  results  are 
not  so  beneficial  as  they  might  be,  were  the  work  done  under  skilled 
supervision. 

Herman  Conrow,  Juu.  Am.  Soc.  C.  E.  (by  letter). — The  question  Mr.  Com-ow. 
of  the  elasticity  of  a  road  seldom  receives  the  consideration  it  de- 
serves. During  the  summer  of  1897  the  writer  had  occasion  to  design 
and  build  a  driveway  for  a  large  estate  in  Dutchess  County,  N.  Y. , 
where  it  was  esjiecially  required  that  the  road  when  finished  should 
not  be  too  hard.  In  order  to  accomplish  this,  screened  gravel,  vary- 
ing in  size  from  \  in.  to  |  in.,  was  used  for  the  top  coat.  This  was 
evenly  sjiread  to  a  depth  of  3  ins.,  on  a  6-in.  broken  stone  foundation, 
and  then  roughly  wet  and  rolled.  No  binder  was  used,  as  enough  soil 
adhered  to  the  gravel  to  make  it  i^ack  readily.  The  gravel  was  easily 
rolled  solid,  and,  after  drying,  the  surface  was  smooth  and  firm,  mak- 
ing an  ideal  road  for  driving.  Later  experience  proved  that  this  road 
was  capable  of  bearing  considerable  hauling  without  showing  un- 
usual signs  of  wear.  Eoads  in  the  same  neighborhood,  made  of  a  red- 
dish iron  ore,  are  most  excellent  for  driving  when  in  a  dry  condition, 
but  become  soft  and  sticky  after  a  long- continued  rain.  For  park 
IDurposes,  with  only  light  driving,  such  a  road  would  give  satisfaction 
because  of  its  great  elasticity. 

Along  the  banks  of  the  u^^per  Hudson  are  enormous   deposits  of 
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Mr.  Comow.  gravel,  occurring  in  pits  of  great  depth,  frequently  40  ft.  or  more. 
These  deposits  are  composed  almost  entirely  of  smooth  stones,  with 
enough  clayey  material  to  hold  them  firmly  together.  When  exca- 
vated, the  stones  adhere  to  each  other  in  great  lumps,  and  very  much 
resemble  concrete.  The  stones  are  of  all  sizes,  from  that  of  a  pea  to 
boulders  as  large  as  a  man's  head.  The  stone  is  soft  and  unfit  for 
roads  where  heavy  hauling  occurs,  but  for  driving  roads  it  is  an  excel- 
lent rnaterial,  making  a  firm  road,  yet  very  elastic. 

In  Burlington  County,  N.  J.,  considerable  difficulty  has  been  ex- 
perienced from  building  the  roads  too  hai'd.  In  some  instances  a 
coating  of  gravel  about  1  in.  thick,  spread  over  the  macadam,  has  given 
the  desired  effect  of  reducing  the  extreme  hardness.  Upon  one  of  the 
main  roads  leading  into  Camden,  N.  J.,  over  which  many  hundreds  of 
loads  of  vegetables  are  carted  daily  to  Philadelphia,  it  is  the  custom 
for  the  drivers,  as  the  trip  is  iisually  made  at  night,  to  sleei?  on  the 
homeward  journey,  allowing  the  team  to  drive  itself.  It  is  a  matter 
of  interest  that  teams  under  such  conditions  are  frequently  seen  travel- 
ing at  the  side  of  the  road  on  dirt  and  sand — where  the  draught  is 
much  more  difficult — in  preference  to  drawing  the  wagon  over  the 
smooth  but  jjainfully  hard  telford.  No  doubt  if  horses  had  a  voice 
in  the  matter,  the  question  of  the  elasticity  of  roads  woiild  receive  a 
great  deal  more  attention  than  it  does  now. 
Mr.  LeConte.  L.  J.  LeConte,  M.  Am.  Soc.  C.  E.  (by  letter). — An  engineer's  opin- 
ions are  based  largely  upon  his  personal  experience  and  observation  in 
his  immediate  neighborhood.  The  writer  has  given  much  attention  to 
long-time  tests  of  both  telford  and  macadam  roads  made  of  stone  from 
the  same  quarries. 

His  observations  lead  him  to  the  conviction  that  a  thin  macadam 
pavement,  5  to  6  ins.  thick  or  less,  cannot  be  maintained  under  moder- 
ately heavy  traffic,  except  when  underlaid  by  unusually  good  natural 
soil.  Hence,  its  economic  application  is  quite  limited,  particularly 
where  good  stone  is  scarce.  Time  has  shown  conclusively  that  many 
of  Macadam's  "principles  "  are  errors  of  judgment,  e.  g.,  disregarding 
the  nature  of  the  soil,  and  laying  the  crushed  rock  directly  upon  the 
soft  ground.  Imperviousness  to  water  was  also  particularly  harped 
upon,  a  perfection  difiicult  to  obtain,  in  any  case,  and  impossible  to 
maintain.  When  the  subsoil  is  not  readily  softened  by  water,  or  when 
the  pavement  is  properly  drained,  permeability  is  not  an  objectionable 
feature. 

The  telford  pavements  of  to-day  meet  the  ordinary  requirements  of 
good  roads  better  and  are  cheaper  than  macadam,  and  at  the  same 
time  are  more  practical  in  every  way  in  their  adaptability  to  changing 
conditions.     They  are  esjiecially  desirable  on  soft  and  wet  ground. 

In  most  States  the  highways  pass  through  regions  which  can  only 
supjaly  second-class  stone.     In  such  cases  the  telford  type  is  by  far  the 
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more  economical,  the  expensive  portion  of  the  pavement  being  con-  Mr.  LeConte. 
fined  to  the  top  3  ins.  of  road  metal  proper — the  main  bulk  below  being 
comijosed  of  second  or  third  class  stone. 

One  of  the  best  object  lessons,  showing  the  intrinsic  value  of  the 
telford  pavement  has  been  noted  in  connection  with  the  stndy  of  the 
old  telford  roads  at  and  near  Oakland,  Cal.  Many  of  these  are  now 
twenty  years  old,  and,  as  to  repairs,  have  been  shamefully  neglected. 
Subjected  to  moderately  heavy  traffic,  these  roads  have  worn  down 
well  into  the  foundation  course,  presenting  a  surface  nearly  as  rough  as 
an  old  cobblestone  pavement.  These  roads  are  now  being  repaired 
with  remarkable  success  at  a  very  small  cost,  a  roadway  for  all  practi- 
cal purposes  as  good  as  new  being  obtained  at  the  trifling  expense  of 
18  to  27  cents  per  square  yard.  The  roads  are  rejiaired  as  follows: 
Firsf,  the  old  subpavement  is  soaked  with  water  so  as  to  soften  the 
foundation  somewhat;  second,  a  15  to  20-ton  steam  roller  is  used  to 
crush  and  mash  down  the  rough  surface,  giving  a  proper  crown  and 
shape  to  the  finished  surface,  and  new  material  is  added,  if  necessary; 
third,  there  is  put  on  a  uniform  layer  of  from  2  to  3  ins.  of  first-class 
road  metal  comjiosed  of  either  trap  or  basalt.  This  layer  is  sprinkled 
and  well  I'olled  with  the  15-ton  roller,  using  as  a  binder  some  neighbor- 
ing road  detritus  mixed  with  sharp  sand. 

Mr.  McClintock's  remarks  relating  to  the  economic  importance  of 
making  use  of  the  entire  output  from  the  crushers  cannot  be  too 
strongly  commended;  but  this  economic  principle  should  be  extended 
to  include  the  gross  output  of  the  qiiarries  as  well.  Exclusive  specifi- 
cations cannot  jireclude  the  public  from  i^aying  for  the  gross  output  of 
the  quarries,  whether  it  is  made  use  of  or  not. 

It  is  pleasing  to  note  the  substantial  efi"orts  being  made  in  Massa- 
chusetts toward  educating  the  public  to  fully  appreciate  the  true  value 
and  importance  of  good  roads.  Taking  a  broad  view  of  the  question,  it 
may  be  safely  stated  that  bad  roads  cause  farmers  more  financial  loss 
annually  than  all  the  fluctuations  in  market  values  combined.  It  costs 
the  farmers  from  25  to  30  cents  a  ton  per  mile  to  get  their  crops  to  mar- 
ket, while  the  cost  of  hauling  on  good  roads  is  only  from  6  to  10  cents 
per  mile.  This  unnecessary  tax  paid  annually  by  the  farmers  because 
of  bad  roads  is  correctly  estiniated  to  be  high  up  in  the  millions  for 
each  State  in  the  Union. 

W.  C.  Foster,  Esq.  (by  letter). — In  1897,  the  Borough  of  Lodi,  a  Mr.  Foster. 
small  municipality  in  Bergen  County,  N.  J.,  voted  to  macadamize  and 
otherwise  improve  certain  of  its  roads  and  streets.  The  appropria- 
tion for  this  woi'k  was  very  small  in  i^roportion  to  the  territory  it 
was  wished  to  cover,  being  but  $12  000.  For  this  amount  it  was  de- 
sired to  grade  and  macadamize  about  4i  miles  of  streets.  It  was,  of 
course,  impossible  to  do  so  with  such  a  small  sum,  but  there  was 
sufficient  to  grade  the  4^  miles  and  to  macadamize  about  3  miles. 
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Mr.  Foster.  The  total  excavation  in  the  grading  of  the  diflfei-ent  streets  was 
11  668  cu.  yds.,  which  was  used  in  filling  up  low  places  in  the  roads, 
and  in  widening  the  hanks.  The  grades  were  kept  as  low  as  possible, 
the  minimum  being  0.8%",  excejat  in  one  or  two  instances,  where  too 
great  damage  to  adjoining  property  would  be  done,  or  where  the 
adoption  of  this  grade  would  cause  heavier  work  than  the  approjiria- 
tion  warranted.  There  were  only  one  or  two  places  where  a  lighter 
grade  was  used,  and  in  these  places  there  was  not  much  water  to  be 
taken  care  of.  These  lengths  were  short — not  over  a  few  hundred 
feet  long,  and  were  located  mainly  at  summits.  Many  of  the  streets 
were  so  narrow  that  nearly  all  the  travel  would  be  confined  to  the 
center,  and,  therefore,  a  heavy  crown  was  adopted. 

The  material  encountered  in  the  subgrade  varied  greatly,  and 
some  of  it  made  an  exceedingly  poor  foundation  for  a  macadam  road. 
Loose,  dead,  shifting  sand,  shar^)  building  sand,  loam,  hard,  red  clay, 
and  a  soft,  wet,  spi'ingy  foundation  were  found,  and  these  sometimes 
changed  from  one  to  the  other  in  a  very  short  distance.  The  funds 
being  so  limited,  the  foundation  work  was  confined  to  excavating  the 
worst  places,  and  filling  them  in  with  the  most  suitable  material  at 
hand.  Where  shifting  sand  was  encountered  it  was  found  that  it 
could  be  consolidated  sometimes  by  slightly  dampening  it  with  the 
watering  cart,  and  sometimes  by  scattering  a  small  quantity  of  broken 
stone  over  it.  Some  of  the  spongy  material  was  not  cut  through  by 
the  roller,  yet,  after  the  roller  had  passed,  it  immediately  rose  from  1 
to  2  ins.  or  nearly  to  its  original  level.  After  the  subgrade  had  been 
formed,  it  was  thoroughly  rolled,  until  in  fact  the  wagons  used  for 
hauling  the  stone  could  be  driven  over  it  without  forming  ruts. 

Trap  rock  was  then  spread  over  the  subgrade  to  a  dej^th  of  5.67 
ins.  for  4-iu.  macadam  and  7.38  ins.  for  6-in.  macadam.  The  thick- 
ness of  the  stone  was  from  5i  to  6  ins.  on  4-in.  work,  and  from  7]-  to 
7^  ins.  on  6-in.  work.  These  thicknesses  were  calculated  from  the 
actual  car  measurements,  and  from  the  number  of  square  yards  laid. 
In  order  that  these  thicknesses  might  not  be  exceeded,  levels  at  50-ft. 
intervals  were  frequently  taken  on  the  subgrade,  the  loose  stone,  and 
the  stone  after  rolling. 

The  trap  rock  was  rolled  dry  until  t£e  required  final  thickness  was 
reached.  By  making  an  experiment  upon  a  piece  of  old  macadamized 
road,  the  requisite  thickness  of  loose  stone  was  determined.  The 
rolling  of  the  stone  was  continued  until  a  horse  and  wagon  coiild  be 
driven  over  it  at  a  Avalk  without  pieces  being  kicked  out,  and  until, 
in  walking  over  it,  the  stones  did  not  move  under  the  foot. 

The  stone  was  broken  and  screened  to  such  a  size  that  it  would 
pass  over  a  hole  li  ins.  in  diameter,  and  through  one  2^  ins.  in  diame- 
ter. The  writer  thinks  that  larger  sizes  would  have  given  better 
results,  and  in  any  fixture  work  he  would  use  larger  stone  on  the  sur- 
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face,  and  if  for  economy  it  became  necessary  to  use  two  sizes,  wonld  Mr.  Foster. 
place  tlie  smaller  on  tlie  bottom. 

Upon  the  completion  of  the  trap-rock  work,  fine  limestone  from 
Tomkins  Cove,  containing  a  large  i>roportion  of  dust,  was  spread 
broadcast  over  the  surface  with  shovels,  watered  and  rolled  until  the 
interstices  were  completely  filled  and  a  very  thin  coating  remained  on 
the  surface.  As  fast  as  the  limestone  disappeared,  during  the  rolling, 
more  was  spread.  During  the  process  of  rolling  it  was  found  neces- 
sary, as  a  rule,  to  keep  the  watering  cart  immediately  in  front  of  the 
roller,  as  otherwise  the  limestone  would  become  sticky  and  pick  up 
the  road  in  patches.  Rolling  and  watering  were  continued  until  the 
water  flushed  ahead  of  the  roller,  and  the  surface  was  covered  with  a 
liquid  paste.  If,  diiring  this  process,  the  subgrade  became  so  soft  as 
to  allow  the  wheel  tracks  of  the  roller  to  show  in  the  stone  work, 
work  was  stopped  on  that  section,  and  the  road-bed  allowed  to  dry 
out  for  a  day  or  so,  and  then  the  work  was  completed.  In  fact,  it  was 
found  to  greatly  benefit  the  road  to  practically  complete  it,  allow  it  to 
dry  for  a  few  days,  and  then  go  over  it  a  few  times  with  the  watering- 
cart  and  roller. 

From  observations  made  dtii-ing  the  construction  of  these  roads,  it 
is  the  opinion  of  the  writer  that  it  woiild  be  of  great  benefit  to  them  to 
sprinkle  the  sitrface  immediately  with  a  layer  of  sharp  building  sand 
from  ^  in.  to  :|  in.  thick,  and  to  thoroughly  water  and  roll  it,  in  order 
to  hasten  the  chemical  action  believed  to  take  place. 

Until  the  first  winter  has  passed,  it  is  important  to  prevent  the 
limestone  dust  from  being  blown  oft'  the  surface,  and  this  can  be  easily 
accomplished  by  the  occasional  use  of  the  sprinkling  cart.  After  the 
first  winter  this  precaution  is  unnecessary,  and  the  surface  may  be 
swept,  if  desired,  when  the  road  will  present  a  perfectly  clean  and 
smooth  surface.  Roads  built  in  this  manner  do  not  soften  in  wet 
weather,  or  when  the  frost  is  coming  out  of  the  ground  in  the  spring, 
nearly  as  much  as  those  in  which  clay  is  used  as  a  binder. 

A  piece  of  i-in.  road  about  3  500  ft.  long,  built  in  the  fall  of  1897, 
did  not  ravel  at  all  during  the  past  summer,  although  it  was  not 
sprinkled.  It  presented  a  clean,  smooth  surface  of  trap.  The  travel 
over  this  section  of  road  averages  130  wagons  per  day,  from  7  a.  m.  to 
6  p.  M. ,  some  of  them  being  very  heavily  loaded,  and  all  having  narrow 
tires. 

A  section  of  about  3  000  ft.  of  road,  built  in  a  defective  manner  by 
the  contractor,  was  swept  a  few  weeks  after  the  contractor  had  aban- 
doned it,  as  clean  as  it  could  be  with  steel  street  brooms,  and  opened 
to  travel.  Though  a  great  deal  of  stone  was  hauled  over  it  in  very  dry 
weather  it  did  not  ravel  where  it  had  been  built  with  any  reasonable 
respect  for  the  sijecifications.  The  drippings  from  the  watering  cart 
in  passing  back  and  forth  kept  it  in  excellent  condition. 
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Mr.  Foster.  Rain  seems  to  liave  a  diflferent  effect  on  the  road  than  the  water 
from  the  cart,  and  where  the  final  rolling  can  be  done  during  a  rain- 
storm, the  road  becomes  cemented  up  miich  more  quickly. 

The  rolling  was  all  done  bj  a  12-j-ton  steam  roller.  The  limestone 
dust  is  not  washed  off  the  road,  but  seems  to  form  a  sticky  j^aste  and 
remain  on  the  surface  xantil  it  is  gradually  blown  off  by  the  wind. 

A  short  time  after  these  roads  were  completed,  considerable  heavy 
hauling  was  done  over  a  jaortion  of  them.  For  about  five  weeks  at 
least  two  to  four  loads,  of  5  to  7^  tons  each,  were  hauled  over  them 
daily,  in  wagons,  having  tires  about  2  ins.  broad.  Not  even  a  wheel- 
mark  is  to  be  seen  on  either  the  4-in.  or  6-in.  work.  The  regular  traffic 
over  the  6-in.  road  averages  308  wagons  per  day,  from  7  a.  m.  to  6  p.  m.  , 
the  loads  rimning  from  a  light  wagon  to  about  4  tons. 

The  larger  part  of  the  work  was  completed  during  the  summer  of 
1898.  One  short  section,  finished  in  1897,  seems  to  be  better  to-day 
than  when  it  was  first  built. 

The  total  sum  available  for  all  purposes — advertising,  printing, 
bonds,  engineering,  first  six-months'  interest,  and  construction,  was 
a  little  more  than  ^12  700.  The  following  table  shows  the  amount  and 
details  of  the  work  done.  In  addition  to  the  items  given  in  the  table 
the  new  work  was  kept  sprinkled  for  about  two  months  after  comple- 
tion, and  a  balance  of  nearly  $50  was  left. 

Excavation 11  668  cu.  yds. 

Ballast  foundation 342  sq.  yds. 

4-in.  macad  am 18  430 . 8  sq.  yds. 

6-in.  macadam 4  771 . 1  sq.  yds. 

Cast-iron  pipe  culverts 233 . 8  lin.  ft. 

Cobble  paving 131.2  sq.  yds. 

Length  of  street  graded 4.6  miles. 

Length  of  street  macadamized 3  miles. 

Average  thickness  of  loose  traja  rock  on  4- 

in.  work 5 .  67  ins. 

Average  thickness   of  loose  trap  rock  on  6- 

in.  work 7 .  38  " 

Quantity  of  4-in.  macadam  1  cu.  yd.  of  trap 

rock  will  lay 6 .  348  sq.  yds. 

Quantity  of    6-in.   macadam    1   cu.    yd.    of 

trap  rock  will  lay 4 .  878  sq.  yds. 

Quantity  of   either  4-in.  or  6-in.    macadam 

1    cu.  yd.  of  limestone  will  complete..  21  sq.  yds. 

Cost  of  rolling,  per  square  yard  of  com- 
pleted macadam    W-  0412 

Average  number  of  square  yards  of  com- 
pleted work  done  by  roller  per  day ....  314  sq.  yds. 
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James  Owen,  M.  Am.  Soc.  C.  E. — Mr.  North  has  stated  that  he  con-  Mr.  Owen, 
sidered  the  practice  in  building  deep  roads,  such  as  telford  roads, 
was  not  to  use  packing,  but  that  thin  roads  required  packing.     Un- 
fortunately, the  speaker  builds  the  deeja  roads  only,  and  always  uses 
packing,  so  he  is  rather  departing  from  the  general  practice. 

The  speaker  wishes  to  suggest  one  thought  connected  with  this 
view,  /.  e. ,  that  the  desideratum  for  the  surface  of  a  road,  either  of  tel- 
ford or  macadam,  is  a  homogeneous  mass.  There  should  be  a  mass 
consisting  of  stones  so  thorou.ghly  wedged  together  that  there  could 
be  no  extraneous  material  between  the  particles;  and  they  should  have 
a  mechanical  bond.  The  speaker  has  seen  a  piece  of  macadam  10  x  8 
ft.  square  taken  up  bodily,  and  it  seemed  to  be  as  strong  and  as  stiflfas 
a  piece  of  flagging.  That  is  what  should  be  accomplished,  if  jjossible. 
It  is  the  i^ractice  of  the  speaker  to  use  no  more  packing  than  is  neces- 
sary to  get  this  bond;  that  as  the  pressure  by  rolling  or  by  wheel 
travel  comes  on  the  broken  stone  during  wet  weather,  a  large  propor- 
tion of  packing  is  squeezed  to  the  top  in  that  way.  On  that  theory,  of 
course,  the  more  packing  there  is,  the  muddier  will  be  the  road.  If  in 
a  trap-rock  road  the  trap-rock  screenings  are  used,  unless  there  is  suf- 
ficient cementing  i)ower  in  the  trap  rock  (the  Palisades  trap  contains 
a  great  deal  more  lime  than  the  Orange  Mountain  trap),  mechanical 
binding  will  not  be  secured.  The  interstices  only  will  be  filled  up 
with  this  dust  which  cannot  get  out,  and  the  ideal  condition  is  not 
attained.  This  brings  up  the  question  of  rolling.  The  speaker  be- 
lieves that  the  shape  of  the  stones  governs  the  amount  of  rolling  re- 
quired. Stones  which  break  cubically  take  less  rolling  to  get  them 
down  than  stones  which  fracture  v  ith  flat  surfaces.  As  to  the  necessity 
of  breaking  up  the  surface  of  an  old  roadway  to  repair  it,  the  speaker 
is  glad  to  learn  that  Mr.  Cudworth  did  not  use  the  ruthless  forks  in  a 
roller,  but  merely  picked  the  road.  An  old  road  is  resurfaced  because 
it  is  too  rough  for  travel,  and  the  speaker's  experience  has  been  that  a 
road  in  that  condition  needs  no  jiicking  or  breaking,  and  that  very 
satisfactory  results  will  be  obtained  by  putting  the  stone  on  top  of  the 
old  surface.  He  has  repaired  a  great  many  miles  of  road  in  that  way, 
with  very  satisfactory  results. 
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In  1889  the  author  i:)resented,  in  the  form  of  a  discussion  on  the  jjaper 
on  "  American  Railroad  Bridges,'"*  by  Theodore  Cooper,  M.  Am.  Soc. 
C.  E. ,  a  review  of  the  fatigue  of  metals,  as  demonstrated  by  the  experi- 
ments of  Wohler,  and  of  the  application  of  the  Launhardt  formula  to 
these  results.  As  the  paper  treated  the  subject  of  bridges  from  a  his- 
torical, rather  than  from  a  technical,  standpoint,  this  portion  of  the 
discussion  was  withdravrn  before  publication,  with  the  intention  of 
presenting  it  later  in  the  form  of  a  separate  paper.  Owing  to  the  pres- 
sure of  other  matters  the  subject  was  laid  aside  until  the  i^resent  time. 

In  bringing  the  matter  again  before  the  Society,  it  is  proposed  to 
note  the  most  comi:)lete  of  Wohler's  experiments,  to  repeat  the  deduc- 
tions which  were  made  in  1889,  and  finally  to  place  the  matter  in  such 
form  as  to  permit  of  its  practical  application  to  bridge  construction. 
For  this  purpose  a  general  specification  for  railroad  bridges  is  presented 
herewith  in  order  to  elicit  discussion. 

The  author's  first  practical  training  in  bridge  work  was  with  the 
use  of  the  Launhardt  formula,  as  applied  to  bridge  design  upon  the 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxi,  p.  1. 
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Pennsylvania  Ilailroad  by  Joseph  M.  Wilson,  M.  Am.  Soc.  C.  E.  Later,  in 
the  service  of  bridge  shops,  he  used  the  old  method  of  dimensioning,  as 
formerly  outlined  by  Mr.  Cooper  and  others;  and  when  subsequently  he 
returned  to  the  use  of  the  Launhardt  formula,  he  recognized  more  fully 
the  extra  labor  which  its  refinements  and  general  application  involved, 
although  its  results,  as  being  universally  applicable  to  long  and  short 
sj^ans  and  to  special  conditions,  were  extremely  gratifying  where  the 
item  of  time  consumed  in  calculations  was  not  a  matter  of  imijortance. 
It  was  in  the  endeavoi'to  simplify  the  aj^plication  of  this  general  princi- 
ple, while  yet  retaining  its  technical  value,  that  the  original  experiments, 
as  published  in  E)igiiieering  in  1871,  were  more  carefully  examined. 

The  adoption  of  the  Launhardt  formula  and  the  acceptance  of  the 
theory  of  "  fatigue  of  metals  "  had  met  with  the  most  strenuous 
opposition  by  those  who  had  formulated  or  used  the  older  methods  oi 
design.  One  of  the  most  severe  arraignments  of  this  theory  which 
came  to  the  author's  notice,  was  that  of  Mr.  Cooper,*  when  he  de- 
scribed the  term  "fatigue  of  metals  "  as  "  absurd  and  unscientific  " 
and  stated  that  "this  result  was  totally  at  variance  with  the  accept- 
ance of  the  perfect  elasticity  of  metals  as  heretofore  accepted,"  and 
although  his  later  specifications  provide  for  separate  live  and  dead- 
load  strains  in  parts  of  the  structure,  it  is  understood  that  the  step 
was  taken  because  of  the  general  uncertainty  in  the  effect  of  live  load, 
rather  than  as  any  concession  to  the  theory  of  "  fatigue." 

To  the  author's  mind,  the  experiments  of  Wohler  not  only  demon- 
strated clearly  the  fatigue  of  metals,  but  also  entirely  destroyed  the 
theory  of  their  perfect  elasticity,  as  formerly  accej)ted.  These  experi- 
ments were  made  with  that  careful  attention  to  details  for  which  the 
German  Engineers  are  justly  famous,  and  though  they  involve  such  a 
variety  of  conditions  as  to  render  refined  analysis  difficult,  yet  they  show 
a  uniformity  of  results  which  leads  to  unquestionable  deductions.  These 
experiments  have  been  of  the  greatest  value  in  the  study  of  the  resist- 
ance of  materials. 

Wohler's  Experiments. 

The  material  with  which  Wohler  experimented  included  wrought 
iron,  mild  steel,  cast  steel  for  axles,  and  spring  steel,  but  the  results 
obtained  ui:)on  wrought  iron  and  sj)ring  steel  were  so  much  more  com- 
plete and  satisfactory  than  the  others  that  the  i^resent  review  may  be 
confined  to  them. 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xvii,  p.  181. 
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The  experiments  noted  are  as  follows  : 
Wrought  Ieon. 
Repeated  Variations  of  Tensional  Strains  (of  known  amounts). 


Maximum  strain  per 
square  inch. 

51  360  lbs. 

Minimum  strain 
per  square  inch. 

0 

Number  of  applications  of  load 
before  breaking. 

800 

47  080 

0 

106  910 

42  800 

0 

340  853 

38  520 

0 

480  852 

34  240 

0 

10  141  645 

47  080 

21  400  lbs. 

2  373  424 

*47  080     " 

*And  not  broken. 

25  680     " 

4  000  000* 

Repeated  Application   of  Transverse  Strain  (varying  between  known 

amounts). 


Maximum  strain  pei' 
square  inch. 

58  850  lbs. 

Minimum 
per  square 

0 

strain 
!  inch. 

Number  of  applications  of  load 
before  breaking. 

169  750 

53  500     " 

0 

420  000 

48  150     " 

0 

481  950 

42  800     " 

0 

1  320  000 

38  520     " 

0 

4  035  400 

*34  240     " 

0 

3  420  000* 

*32  100     " 

0 

48  200  000* 

*And  not  broken. 

Rotating  Bars,  Fixed  at  One  End,   and  Loaded  at  the  Other  (giving 
alternately  equal  strains  in  opposite  directions). 

Test  pieces  with  filleted  shoulders. 

Number  of  applications  of  load 
before  breaking. 

56  430 

99  000 

183  145 

479  490 

909  810 

3  632  588 

4  917  992 
19  186  791 
132  250  000* 


Strain  per  square  inch. 

34  240 

lbs. 

32  100 

29  960 

27  820 

25  680 

23  540 

21400 

19  260 

*17  120 

*And  not  broken. 
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Test  piece  with  square  sboixlder. 


Strain  per  square  inch. 
19  '260  lbs. 
19  260     " 
*17  120     " 

*And  not  broken. 


Number  of  applications  of  load 
before  breaking. 

1  603  570 

2  063  760 
14  695  000* 


From  these  experiments  Wohler  recommends  the  following  as  the 
safe  limits  of  strain  per  square  inch: 


Maximum  strain. 

-  17  120  lbs. 

-  35  310    " 

-  47  080    " 


Minimum  strain. 

+  17  120  lbs. 

0 
-  25  680  lbs. 


Untempeked  Cast  Steel  fok  Spkings. 

(Material  furnished  by  Krupp. ) 

Repeated  Apj)lication  of  Transverse  Strains  (varying  between  known 

limits). 


(Set 

No.   1.) 

Maximum  strain  per 
square  inch. 

Minimum  strain  per 
square  inch. 

Number  of  applications  of  load 
before  breaking. 

107  700    lbs. 

0 

39  950 

96  300     " 

0 

72  450 

85  600     " 

0 

132  650 

85  600     " 

0 

117  000 

74  900     " 

0 

197  400 

64  200     " 

0 

468  200 

*53  500     " 

0 

40  600  000* 

*And  not  broken. 

(Set 

No.  2.) 

Maximum  strain 

per  square 

inch. 

Minimum  strain 

per  square 

inch. 

Difference. 

Number  of  applications 

of  load  before 

breaking. 

107  000  lbs. 

17  762  lbs. 

89  238  lbs 

62  000 

107  000    " 

35  631 

" 

71  369     " 

149  800 

107  000    " 

53  500 

( ( 

53  500    " 

400  050 

107  000    " 

62  381 

(( 

44  619    " 

376  700 

*107  000    " 

70  620 

(( 

36  380    " 

19  673  300* 

♦And  not  broken. 

144 


SEAMAN    ON    BRIDGE    SPECIFICATIONS. 


(Set 

No.  3.) 

Maximum  strain 

Minimum  strain 

Number  of  applications 

per  square 
ineli. 

per  square 
inch. 

Difference. 

of  load  before 
breaking. 

96  300  lbs. 

21  400  lbs. 

74  900  lbs. 

81200 

96  300    " 

32  100    " 

64  200    " 

156  200 

96  300    " 

42  800    " 

53  500    " 

225  300 

96  300    " 

53  500    " 

42  800    " 

1  238  900 

96  300    " 

53  500    " 

42  800    " 

300  900 

*96  300    " 

64  200    " 

32  100    " 

33  600  000* 

*And  not  broken. 

(Set 

No.  4.) 

Maximum  strain 

Minimum  strain 

Number  of  applications 

per  square 
inch. 

per  square 
inch. 

Difference. 

of  load  before 
breaking. 

85  600  lbs. 

10  700  lbs. 

74  900  lbs. 

99  700 

85  600    " 

21  400    " 

64  200    " 

176  300 

85  600    " 

32  100    " 

53  500    " 

619  600 

85  600    " 

32  100    " 

53  500    " 

2  135  670 

=^85  600    " 

42  800    " 

42  800    " 

35  800  000* 

*85  600    " 

42  800    " 

42  800    " 

38  000  000* 

*85  600    " 

59  920    " 

25  680    " 

36  000  000* 

*And  not  broken. 

(Set 

No.  5.) 

Maximum  strain 

per  square 

inch. 

Minimum  strain 

per  square 

inch. 

Difference. 

Number  of  applications 

of  load  before 

breaking. 

74  900  lbs, 

10  700  lbs. 

64  200  lbs. 

286  100 

74  900    " 

21400    " 

53  500    " 

701  800 

*74  900    " 

26  7.50    " 

48  150    " 

36  600  000* 

*74  900    " 

31  100    " 

42  800    " 

31  150  000* 

*Ancl  not  broken. 

I 


From  these  experiments  Woliler  made  the  following  recommenda- 
tions as  the  safe  limits  of  strain: 


Maximum  strain. 

-  53  500  lbs. 

-  74  900    " 

-  85  600    " 
-96  300    " 


Minimum  strain. 

0 

-  26  750  lbs. 

-  42  800    " 

-  64  200    " 
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These  experiments  show  that  the  material  may  be  broken  by  the 
repeated  application  of  a  strain  much  less  than  that  which  would  be 
required  to  jsroduce  rupture  by  a  single  application.  The  five  sets  of 
experiments  on  cast  steel  each  show  that  as  the  amount  of  the  strain 
which  is  repeatedly  aj^plied  is  decreased,  the  number  of  applications 
required  to  produce  ruj)ture  is  increased,  until  a  strain  is  reached 
which  will  not  produce  rupture  after  an  infinite  number  of  apiilica- 
tions.  Sets  Nos.  2  to  5,  inclusive,  also  show  in  each  case  that  the 
material  may  sustain  a  given  maximum  strain,  but  that  fracture  may 
be  produced  by  rejieatedly  removing  a  portion  of  this  strain.  It  is 
evident,  therefore,  that  this  change  of  strain,  with  the  resulting 
fatigue  i^roduced  by  it,  is  sufficient  to  cause  rujiture  under  the  condi- 
tions noted.  Could  there  be  any  more  convincing  demonstration  that 
it  was  fatigue,  and  fatigue  only,  which  produced  the  varying  results 
in  each  set?  The  opposition  to  the  "  fatigue  of  metals,"  in  the  face  of 
these  exi^eriments,  would  seem  to  be  an  objection  to  the  use  of  a  word 
rather  than  to  the  acceptance  of  an  idea. 

Eeferring  to  the  tabulated  results  of  the  tests  on  wrought  iron,  it 
is  not  apparent  where  Wohler  derives  the  limit  which  he  recommends 
for  all  live  load  in  one  direction,  i.  e.,  —  35  310  lbs.  —  0  lbs. ,  since  the 
experiments,  both  with  transverse  and  with  torsional  strains,  would  in- 
dicate —  34  240  lbs.  —  0  lbs.  If  the  latter  limit  were  substituted  for 
that  recommended  by  Wohler,  the  allowable  strains  would  be  modi- 
fied as  follows: 

—  17  120  lbs.  +  17  120  lbs. 

—  34  240    "  0    *' 

—  47  080    "    —25  680    " 

Although  these  results  are  derived  from  experiments  with  different 
.kinds  of  strain  and  are  too  brief  to  permit  of  the  formulation  of  any 
definite  theory,  there  seems  ample  basis  for  a  general  theory  of  work, 
i.  e.,  that  the  material  is  capable  of  doing  a  certain  amount  of  work 
(derived  possibly  from  the  treatment,  or  work,  which  it  receives  in 
manufacture),  and  when  that  amount  of  work  is  exceeded,  the  mate- 
rial becomes  fatigued,  and  its  tenacity  finally  destroyed.  Under  these 
cu'cumstances  the  destructive  effect  of  live  strain  may  be  considered 
as  bearing  a  certain  relation  to  that  of  dead  strain,  as  suggested  by 
Gerber,  and  in  the  experiments  on  wrought  iron  just  cited,  that  effect 
would  seem  to  be  about  in  the  ratio  of  2  to  1  for  all  cases,  thus: 
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Wohler's  Tests. 

Live  strain. 
(Maximum  —  Minimum.) 

Dead 
strain. 

Equivalent  dead 

Maximum. 

Minimum. 

(Dead +  2  Live.) 

—17  120  lbs. 
—34  240    " 

—47  080    " 

+17  120  lbs. 

0    " 
—25  680    " 

34  240  lbs. 
34  240    " 
21  400    " 

0 

0 

25  680 

68  480  lbs. 

68  480    " 
68  480   " 

The  exact  coincidence  of  these  results— as  shown  in  the  column  of 
equivalent  dead  strain— is  striking,  and  although  they  are  too  incom- 
plete to  be  considered  as  the  demonstration  of  an  exact  law,  yet  they 
may  be  regarded  as  confirming  the  general  theory  of  work. 

The  experiments  on  spring  steel  are  equally  interesting,  and  are 
the  most  complete  and  satisfactory  of  any  of  those  made  by  Wohler. 
They  demonstrate  conclusively  the  fatigue  of  metals;  and  the  fact 
that  they  were  made  upon  a  homogeneous  material  makes  them  of 
increased  value,  since  any  flaw  in  the  material  is  quickly  detected  in 
the  results  and  the  misleading  test  thrown  out. 

Set  No.  1  of  these  experiments  is  merely  a  repetition  of  the  action 
shown  in  the  experiments  on  wrought  iron.  The  applied  load  was 
gradually  diminished  for  each  successive  experiment,  until  one  was 
reached  which  would  not  produce  rupture  after  an  indefinite  number 
of  applications.  In  the  second  and  following  sets  a  method  of  pro- 
cedure was  adopted  which  removed  all  doubts  as  to  the  cause  of 
rupture,  as  has  been  already  described. 

It  would  hardly  seem  necessary,  in  view  of  these  experiments,  to  go 
further  into  the  demonstration  of  the  fatigue  of  metals,  but  in  this  con- 
nection the  results  of  Bauschinger  are  so  pertinent  that  they  should  not 
be  overlooked.  By  the  use  of  a  delicate  micrometer  he  ascertained  that, 
at  the  very  beginning  of  loading,  a  slight  permanent  set  was  noticeable. 
How  far  the  element  of  time  affected  the  result  is  difficult  to  determine, 
since  there  appeared  to  be  a  tendency  in  the  material  to  return  to  its 
former  state  of  rest  for  days,  and  sometimes  weeks,  after  the  load  was 
removed.  The  fact  of  this  slight  set  is  probably  the  true  explanation 
of  the  results  obtained  by  Wohler,  and  it  has  so  modified  former  ideas 
of  the  perfect  elasticity  of  metals,  that  the  term  must  be  abandoned  or 
a  new  definition  sought.  Bauschinger  himself  proposed  to  use  the  more 
correct  expression,  "Limit  of  Uniform  Elongation,"  and  many  engineers 
have  preferred  the  concise  term,  "  Yield  Point,"  but  others  still  adhere 
to  the  old  name,  "Elastic  Limit,"  trusting  to  a  considerate  profession 
to  give  it  the  revised  interpretation. 
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a=H( 1 + 


The  Launhakdt  Foemxila. 
These  experiments  on  spring  steel  are  so  miicli  more  systematic  and 
complete  than  any  others  made,  that  they  have  been  generally  regarded 
as  presenting  the  most  accurate  information  obtainable  upon  the  sub- 
ject of  fatigue  of  metals,  and  it  was  in  the  endeavor  to  deduce  an 
expression  which  would  indicate  the  effect  of  this  fatigue,  as  compared 
with  that  of  permanent  strain,  that  Launhardt  outlined  his  formula. 
The  derivation  of  the  formula*  shows  that,  although  it  was  sought 
by  a  rational  method  of  procedure,  it  contained  an  arbitrary  step 
which  made  the  value  of  the  formula  entirely  dependent  upon  the 
agreement  of  its  results  with  those  of  experiment. 
The  formula,  as  outlined  by  Launhardt,  is 

t  —  u  Min.  Strain\ 
Max.  Strain/ 
Where  a  =  safe  working  strength, 

u  =  safe  strength  for  variable  load, 
t  —  safe  strength  for  permanent  load. 
Since  the  value  of  this  formula  depends  upon  the  agreement  with 
experiment;  and    since   the    general   theory    of  work  suggested  will 
depend  upon  a  similar  comparison,  it  is  interesting  to  note  what  may 
be  shown  in  this  resiject. 

In  comparing  the  results  of  the  formula  with  those  of  experiment, 
the  value  of  u  was  taken  from  set  No.  1  as  53  500  lbs.  (500  centners),  but 
the  value  of  t,  not  having  been  found  in  any  of  the  duration  experi- 
ments made  on  spring  steel,  was  assumed,  and  a  value  of  117  700  lbs. 
(1  100  centners)  was  taken,  which  would  bring,  by  the  formula,  the 
intermediate  results  of  sets  Nos.  3  and  4  in  conformity  with  tho'se  of 
the  tests.  Had  any  other  value  of  t  been  taken  it  is  evident  that  the 
intermediate  results  would  have  varied  accordingly. 

The  following  table  is  reduced  and  corrected  from  the  translation 
and  shows  to  what  extent  the  results  of  the  formula  agree  with  the  ex- 
periments made: 


Set. 

u  of 

Formula. 

No.  1. 

No.  5. 

No.  4. 

No.  3. 

tof 
Formula. 

By  experiment  (Minimum. )  

0 

53  500 

( Assumed 

1       53  500 

36  750 

74  900 

76  430 

42  800 
85  600 

85  600 

64  200 
96  300 

96  250 

By  experiment  (Maximum. )  a 

not  found. 

By  formula  for  a 



(        117  700 

*  Weyrauch,  "  Structures  of  Iron  and  Steel."    Trans,  by  Du  Bois. 
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It  wHl  be  noted  that  in  two  instances  (sets  Nos.  4  and  3)  the  formula 
gives  results  corresponding  to  those  of  experiment,  but  since  any  other 
value  of  t  than  that  assumed  would  have  given  different  results,  the 
comparison  can  hardly  be  considered  a  confirmation  of  the  formula. 

Let  the  general  theory  of  work,  as  suggested  in  the  experiments  on 
wrought  iron,  be  now  applied  to  these  same  experiments  on  spring  steel. 
It  has  been  seen  already  how  strikingly  the  results  agree  in  iron-too 
precisely,  perhaps,  for  absolute  confidence,  since  the  material  is  of 
such  variable  character-but  in  the  tests  with  steel  the  variable  results 
which  would  naturally  occur  can  be  followed  more  closely.  Using 
the  same  ratio  of  2  to  1  in  these  results,  as  was  used  for  wrought  iron, 
the  following  table  is  derived  :  


Set. 


No.  1. 
"  5. 
"    4. 


Wohleb's  Tests. 


Maximum.  Minimum 


53  500  lbs. 
74  900    " 
85  600    " 
96  300    " 


26  750  lbs. 
43  800    " 
64  200    " 


Dead 
Live  Strain  Strain 

(Maximum  —  Minimum.)    (Minimum.) 


53  700  lbs. 
48  150    " 
42  800    " 
32  100    " 


0 
26  750 
42  800 
64  200 


Equivalent 

Dead  Strain 

(Dead +  2  Live.) 


107  000  lbs. 
123  050    •• 
128  400    •' 
128  400    " 


The  column  of  Equivalent  Dead  Strains  in  this  table  shows  that 
the  results  of  sets  Nos.  4  and  3  again  agree,  as  they  did  with  the  Laun- 
hardt  formula,  but  that  sets  Nos.  1  and  5  fall  below  them.  By  ex- 
amining the  tests  of  set  No.  1,  it  will  be  noticed  that  64  200  lbs.  was 
applied  468  200  times  before  fracture,  and  that  there  was  no  test  be- 
tween 64  200  lbs.  and  53  500  lbs.  There  is  no  assurance,  therefore, 
that  a  weight  exceeding  53  500  lbs.,  and  perhaps  nearly,  or  quite, 
equalling  64  200  lbs. ,  could  not  have  been  applied  indefinitely.  Had 
64  200  lbs.  sustained  the  tests  satisfactorily,  the  equivalent  dead  strain 
for  this  set  would  have  been  128  400  lbs.,  and  would  have  exactly 
agreed  with  sets  Nos.  4  and  3. 

Similarly,  in  the  second  test  of  set  No.  5,  a  maximum  load  of  74  900 
lbs.,  and  minimum  of  21  400  lbs.,  was  applied  701  800  times  before 
fracture,  and  no  experiment  was  made  between  these  results  and  those 
of  the  third  test,  recommended  by  Wohler,  of  maximum  74  900  lbs.  and 
minimum  26  750  lbs.  Had  something  near  the  second  test  of  this  set 
been  found  satisfactory,  instead  of  the  third  test  as  recommended,  the 
equivalent  dead  strain  would  have  been  modified,  as  in  set  No.  1,  to 
more  nearly  equal  128  400  lbs.,  as  in  the  other  sets. 
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Although  these  deductions  are  by  no  means  conclusive,  they  are  ex- 
tremely interesting,  and  when  the  results  on  wrought  iron  are  also 
considered,  this  ratio  receives  much  more  confirmation  than  does  the 
Launhardt  formula.  The  "fatigue  of  metals"  is  clearly  established, 
a  theory  of  work  seems  also  well  founded,  and  an  approximate  ratio 
of  2  to  1  for  the  relative  eflfect  of  live  and  dead  strains  appears  to  be 
sustained  by  experiment.  For  the  purpose  of  placing  the  subject 
before  the  Society  in  a  practical  form,  it  has  been  embodied  in  the 
specifications  given  in  the  Appendix. 

AUonrthle  St7-ains. — In  determining  the  allowable  strains  for  pro- 
portioning jjarts,  a  permissible  dead  strain  is  selected,  and  all  other 
conditions  are  reduced  to  this  basis.  Dead  and  live  strains  are 
calculated  separately  as  usual,  and  projier  additions  made  to  the 
live  load  for  effect  of  impact.  The  strains  which  are  resisted  by 
columns  may  be  properly  provided  for  by  the  column  formula,  the 
whole  redixced  to  equivalent  dead  strain  and  the  required  sections 
calculated  in  the  usual  way.  This  method  is  applicable  to  all  condi- 
tions and  locations  of  members  in  the  structure,  and  avoids  special 
provisions  for  local  parts  as  was  the  common  practice  in  the  old 
method  of  dimensioning. 

An  allowable  unit  strain  of  18  000  lbs.  per  square  inch  for  dead 
strain  may  be  selected  as  cori'esponding  to  the  present  practice  in 
steel,  though,  where  desired,  this  may  be  increased  to  20  000  lbs. 
without  modifying  the  general  method  of  dimensioning  outlined. 
The  experiments  of  Bauschinger  indicate  that  tensile  and  compressive 
strains  may  be  treated  alike,  except  that  it  is  necessary  to  consider 
their  algebraic  signs  and  the  effect  of  flexure  on  the  outer  fiber  of 
long  compression  members. 

In  considering  the  relative  effects  of  live  and  dead  strains,  it  has 
been  shown  that  Wohler's  experiments  indicate  a  ratio  of  2  to  1,  but 
they  were  made  without  intervals  of  rest  and  without  impact  or  any 
other  increase  of  live  strain  beyond  that  noted  in  the  tables.  In  out- 
lining general  specifications  j^rovision  must  be  made  for  extreme  con- 
ditions. In  the  elevated  railways  of  large  cities,  or  in  the  large  railway 
terminals,  where  the  passage  of  trains  is  almost  incessant,  there  is 
little  rest  for  the  structure;  while  the  vibrations  of  all  rapidly  passing 
loads,  together  with  unbalanced  drivers,  flat  car-wheels  and  defective 
track,  will  increase  the  live  strains  very  considerably  in  addition  to 
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the  impact  due  to  sudden  application.  When  it  is  also  remembered 
that  according  to  Bauschinger  it  takes  days,  and  perhaps  weeks,  for 
the  material  to  fully  recover  from  an  applied  strain,  the  ratio  of  2  to  1 
for  dead  and  live  strains  does  not  seem  excessive. 

Having  adojited  the  allowable  dead  strain  per  square  inch,  and 
accei^ted  the  ratio  of  2  to  1  for  the  relative  effect  of  live  and  dead 
strains,  it  is  yet  necessary  to  provide  for  the  effect  of  impact  and  for 
the  increase  of  compressive  strains  due  to  flexure  of  columns.  The 
column  formula  in  general  use  for  compression  is  directly  appli- 
cable to  the  proposed  method  of  dimensioning,  and  may  be  adopted 
without  change,  excej)t  that  the  numerator  becomes  18  000  lbs., 
according  to  the  allowable  dead  unit  strain.  For  alternate  strains, 
however,  the  increase  of  compressive  sti'ain  on  the  outer  fiber  due  to 
flexure  of  column  is  found  first,  and  then  the  compressive  strain  thus 
increased  is  added  to  the  tensile  strain,  in  order  to  find  the  total  live 
strain.  This  increased  strain  due  to  flexure  may  be  found  by  using 
the  reciprocal  of  the  column  formula.* 

In  making  jirovision  for  impact,  there  is  neither  a  rational  formula 
nor  any  complete  system  of  experiments  upon  which  to  base  a  specifi- 
cation, and  the  practice  varies  from  making  no  provision  at  all  to 
making  an  allowance  of  100%  for  floor  system  and  adjacent  connec- 
tions. Special  allowable  strains  for  certain  members,  such  as  floor- 
beam  hangers,  have  been  provided  in  some  instances,  but  it  is  desirable 
to  avoid  all  "special  cases"  in  a  general  sjiecification,  and  to  so 
frame  the  general  clause  as  to  apply  to  the  elements  upon  which  the 
sisecial  conditions  are  based.  The  ratio  of  2  to  1  for  the  allowable 
dead  and  live  strains  may  be  considered  as  providing  sufficiently  for 
impact  on  long-span  structures  not  in  continuous  use.  For  short 
spans  of  100  ft.  or  less,  additional  jarovision  seems  necessary  on  account 
of  the  sudden  application  of  the  load.  To  meet  this  requirement  the 
aiithor  would  suggest  the  use  of  the  table  contained  in  the  sijecifica- 
tions  until  experiment  furnishes  authoritative  data. 


I 


*  This  is  readily  explained  as  follows:  The  general  formula  is,  p  =  P  lj_ 

K  a  ?•• 

which  Pis  the  greatest  strain  allowable  on  any  fiber  of  the  column,  and  p  is  the  reduced 
direct  strain  which  may  be  applied  at  the  ends  of  the  column  to  produce  the  fiber  strain 
P  by  flexure.  If,  therefore,  we  have  given,  the  direct  strain  to  be  applied  to  the  ends  of 
the  column  and  desire  to  ascertain  the  resulting  increase  of  strain  on  the  outer  fiber,  the 
formula  becomes, 


^  =  ^(^+^0 


Those  familiar  with  the  derivation  of  the  formula  will  recognize  this  as  retracing  one 
step  in  its  original  formation. 
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Speciflcat ions. ^The  bridge  specifications  jiresented  as  an  appendix 
to  this  paper,  it  is  believed,  correspond  to  the  best  practice  of  the 
jiresent  time.  The  method  of  dimensioning  conforms  more  closely  to 
the  results  of  Wohler's  experiments  than  does  the  Launhardt  formula, 
and  at  the  same  time  is  direct  and  simple  in  its  application.  The 
clauses  have  been  made  rather  full  in  detail,  since  it  is  an  easy  matter 
to  omit  those  which  are  not  desired,  and  it  is  hoped  that  the  discus- 
sion will  be  so  complete  that  it  will  enable  a  fairly  uniform  general 
practice  to  be  established,  and  to  that  extent  to  anticipate  the  work 
of  a  committee  upon  this  subject. 

The  sjiecifications  have  been  written  from  the  standpoint  of  the 
railroad  company  rather  than  from  that  of  the  manufacturer,  since  it 
is  the  company's  interests  which  they  are  to  protect,  and  since,  also,  the 
railroad  is  later  to  maintain  the  structure.  It  is  advisable  for  every 
railroad  system  to  have  a  corps  of  bridge  engineers  to  design  and 
maintain  this  class  of  work,  and,  when  the  size  of  a  road  does  not 
justify  such  an  organization,  several  roads  may  unite  in  its  employ- 
ment. Railroad  engineers  would  welcome  the  assistance  of  a 
specialist,  i^rovided  that  in  so  doing  they  did  not  jeopardize  their  own 
positions. 

The  specifications  provide,  either  for  plans  furnished  by  the  rail- 
road company,  or  for  plans  furnished  by  the  manufacturer  and 
approved  by  the  company.  In  either  case  all  original  drawings  should 
become  the  property  of  the  railroad,  and  for  convenience  in  filing,  a 
standard  size  of  sheet  should  be  adopted. 

The  extreme  refinements  necessary  for  the  design  of  continuous 
draw-bridges  and  the  impracticability  of  obtaining  the  theoretical  re- 
actions assumed  in  calculations  has  led,  in  draw-bridge  design,  to 
the  use  of  two  spans,  which  may  be  lifted  and  revolved,  but  which, 
in  service,  have  the  direct  bearings  and  reactions  of  a  single  span. 
The.  use  of  continuous  girders  is  therefore  restricted  to  those  cases 
where  the  device  of  separate  spans  may  be  impossible. 

It  is  preferable  that  the  ties,  guard-rails,  etc.,  of  the  floor  system 
be  constructed  by  the  railroad  company,  as  men  are  usually  employed, 
for  purposes  of  maintenance  and  the  work  will  be  better  and  more 
economically  performed  by  them  than  by  contract,  but  where  this 
cannot  be  done  the  specifications  describe  the  work  required  of  the 
contractor. 
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In  discussing  the  paper  on  "Railway  Bridge  Designing,"*  the 
author  fully  reviewed  the  subject  of  engine  loading.  The  typical 
engine  here  specified  corresponds  closely  to  actual  conditions.  It 
represents  the  heaviest  engine  and  train  now  in  general  use,  though 
exceptional  cases  exist  which  are  somewhat  heavier,  and  ore  cars  are 
now  in  service  which  weigh  4  800  lbs.  per  lineal  foot  of  track.  The  load- 
ing may  be  varied  to  suit  different  railroads,  by  increasing,  or  diminish- 
ing, all  concentrations  simultaneously  in  the  same  ratio,  as  has  been 
proposed  by  Mr.  Theodore  Cooper.  It  is  in  no  case  advisable,  however, 
to  vary  the  loading  more  than  25%  either  way  from  that  here  specified. 

The  allowable  dead  strain  specified  is  18  000  lbs.  jier  square  inch, 
with  the  usual  reduction  for  compression  members.  The  column 
formula  of  Gordon,  as  modified  by  Rankine,  is  used  and  needs  no 
explanation  or  endorsement.  The  impracticability  of  obtaining 
columns  with  fixed  ends,  in  a  bridge  structure,  is  the  reason  for  the 
adoption  of  only  one  column  formula.  In  the  case  of  alternate  strains 
the  column  formula  is  replaced  by  its  reciprocal. 


-=H^  +  ^) 


as  ali-eady  explained,  but  alternate  strains  are  to  be  avoided  wherever 
possible. 

Where  long  unbraced  compression  flanges  are  used,  the  allowable 
strain  is  reduced  by  the  Rankine  formula, 

18  000 


G  = 


1  + 


5  000  w2 

but  it  is  so  customary  to  brace  top  flanges  at  intervals  of  about  twelve 
diameters  that  this  formula  is  rarely  used. 

The  shearing  and  bearing  values  of  rivets  and  pins  have  been  re- 
duced to  the  same  basis  of  allowable  dead  strain;  shear  being  three- 
fourths  of  the  allowable  unit  strain  for  direct  tension,  and  bearing  being 
one  and  one-half  times  the  same  unit.  If  the  basis  of  18  000  lbs. 
is  modified,  these  values  should  be  correspondingly  changed.  The 
author  is  not  aware  of  any  specification  which  has  made  this  distinc- 
tion between  live  and  dead  strains  in  proportioning  details,  except 
those  which  adopt  the  Launhardt  formula  throughout.  The  details 
are  the  most  important  part  of  a  structure,  and  those  experienced  in 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxvi,  p.  237. 
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maintenance  will  testify  that  it  is  the  live  strain  which  caixses  loose 
rivets  and  which  wears  out  the  bridge.  To  provide  for  dead  and  live 
strains  in  the  main  members,  while  making  no  stich  provision  for  the 
details,  is  to  build  a  scientific  structure  upon  a  crude  foundation. 

In  outlining  the  details  of  design  the  endeavor  has  been  made  to 
cover  every  material  point  in  first-class  work. 

The  general  tendency  of  recent  practice  is  toward  the  adoiotion  of 
soft  steel  for  structural  work.  Drilling  from  the  solid  is  obsolete, 
punching  is  almost  universal,  and  perfect  reaming  is  only  performed 
when  ijarticularly  required  by  the  specifications.  The  injury  to  steel 
from  rough  punching  and  the  danger  resulting  from  flaws  increase 
with  the  hardness  of  the  steel,  and  for  this  reason  the  soft  steel  will 
doubtless  continue  in  preference.  The  recommendations  of  the 
"Committee  on  Uniform  Methods  of  Testing  Materials,  etc.,"  have 
been  generally  adopted,  except  that  a  milder  steel  than  was  there 
suggested  is  here  specified.  "Where  the  rivet  holes  are  punched  |  in. 
small,  and  afterward  drilled  out  to  full  diameter,  it  might  be  advis- 
able to  use  steel  of  ultimate  strength,  60  000  lbs.  ^  4  000  lbs. ,  and 
elongation  25  per  cent.  In  such  case  the  base  for  allowable  dead  strain 
could  be  increased  to  20  000  lbs.  per  square  inch. 

The  subject  of  painting  is  a  matter  of  controversy.  The  first  es- 
sential of  a  good  paint  is  pure  linseed  oil;  yet  it  is  rarely  obtained, 
and  an  adulteration  is  almost  impossible  to  detect.  Objection  has 
been  made  to  the  practice  of  giving  the  steel  a  coat  of  oil  in  the  shops, 
because  of  the  necessity  of  having  the  oil  thoroughly  dry  before  the 
paint  is  applied,  but  the  many  advantages  of  oil  for  purposes  of  in- 
spection, together  with  the  fact  that  the  oil  usually  has  several  weeks 
in  which  to  dry  before  the  coat  of  paint  is  applied,  make  it  very  de- 
sirable as  a  shop  coat.  For  the  subsequent  coats  the  author  jirefers 
red  lead,  where  the  structure  is  to  be  exposed  to  the  weather,  and  a 
carbon  paint  where  exposed  to  locomotive  fumes.  In  either  case  it  is 
important  that  pvire  oil  should  be  used.  With  red  lead  the  difficulties 
of  mixing  and  applying  the  paint  make  it  important  that  only  men 
experienced  in  this  work  should  be  employed. 

Upon  the  matter  of  inspection  the  author  has  little  to  say.  There 
is  no  element  in  bridge  construction  more  important,  if  properly  done, 
yet  none  so  likely  to  be  neglected.  Few  appreciate  the  importance  of 
perfect  mechanical  work  until  they  maintain  the  structures  they  build. 
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SPECIFICATIONS  FOE   STEEL   RAILROAD   BRIDGES. 


Peoposals  and  Drawings. 

Each  bidder  shall  submit  with  his  proposal  complete  strain  sheets, 
showing  loads  assumed  in  calculations  and  the  resulting  strains,  and 
the  sections  used.  The  strains  from  each  kind  of  load  shall  be  shown 
separately,  and  the  dead  load  assumed  shall  not  be  less  than  that  of  the 
finished  structure.  At  the  same  time,  each  bidder  shall  submit  general 
plans  of  the  structure,  and  such  details  as  will  show  clearly  the  con- 
struction of  all  members  and  connections.  In  case  of  draw  bridges,  all 
machinery  shall  be  similarly  shown. 

All  drawings  furnished  by  the  railroad  company,  whether  of  general 
location  or  of  details  of  construction,  shall  be  strictly  followed. 

Upon  the  award  of  the  contract  and  before  work  is  commenced,  a 
comjilete  set  of  working  drawings,  in  duplicate,  including  strain 
sheets  and  general  drawings  previously  mentioned,  shall  be  submitted 
to  the  railroad  company  for  approval.  All  material  ordered  or  work 
done  before  the  drawings  are  approved  shall  be  at  the  risk  of  the  con- 
tractor. 

All  drawings  shall  be  made  on  the  dull  side  of  tracing  cloth,  and  of 
a  uniform  size  of  24  x  36  ins.  After  the  work  is  completed,  these  draw- 
ings, in  good  condition,  shall  become  the  property  of  the  railroad 
company  for  file.  The  contractor  may  retain  such  prints  or  copies  of 
them  as  he  may  desire  for  record. 

Genekal  Peovisions. 

The  structure  shall  be  wholly  of  rolled  steel  and  wrought  iron.  A 
tyi^e  of  truss  shall  be  used  in  which  the  strains  may  be  readily  calcu- 
lated and  which  subjects  no  member  to  alternate  strains.  Continuous 
girders  will  be  allowed  only  in  case  of  upper  chords  carrying  floors, 
and  in  special  cases  of  draw  bridges. 

Double-track,  through-truss  bridges,  shall  have  only  two  trusses, 
and  four-track  bridges  only  three  trusses,  unless  otherwise  specified. 
In  the  case  of  plate  girders,  special  provisions  shall  be  made  for  spread-- 
ing  the  tracks  when  necessarv. 
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The  distance  from  center  to  center  of  double  track  is  12  ft. 
6  ins. 

All  throtigh-bridges,  on  tangents,  shall  have  a  clear  opening  as 
shown  on  the  clearance  diagram,  Fig.  1. 

The  width  shall  be  proportionately  increased 
for  two  or  more  tracks.     On  curves,  the  height  and  s 

width  shall  be  increased  as  required  by  curvature       j^"  | "  ^i 

and  elevation  of  rail.  .^      /    fej      \ 

All  bridges  shall  be  provided  with  steel  cross-      |-  ^ 

girders  and  stringers,  except  in  the  case  of  deck     ; 
bridges,   in    which  the  ties   may  rest   on   the  top     ~^  l^^'u"^ 
chord,  and  be  increased  in  dejith  to  carry  a  single 
track.  ^ 

Stringers  and  deck-plate  girders  shall  not  be  T  ^  bose  of  rail/  | 
spaced  fiarther  apart,  between  centers,  than  their  i^-iulo    -^ 

depth,  with  a  minimum  limit  of  5  ft.  diagram 

The  wooden  floor  of  ties  and  guard  rails  will  be  Fig.  l. 

furnished  and  put  on  by  the  railroad  company,  unless  otherwise 
specially  provided  by  contract.  The  cross-ties  shall  be  of  long-leafed 
yellow  pine,  8  ins.  square  and  9  ft.  long,  spaced  6  ins.  apart  in  the 
clear  and  notched  \  ^^-  over  the  stringer.  In  cases  where  the  stringers 
are  spaced  more  than  7  ft.  apart,  the  depth  of  the  tie  shall  be  increased 
so  that  the  strain  on  the  outer  fiber  does  not  exceed  1  000  lbs.  per 
square  inch,  considering  the  weight  of  a  single  driver  as  being  carried 
by  two  ties. 

Guard  rails  of  long-leafed  yellow  pine,  6x8  ins.  shall  be  placed 
3  ft.  9  ins.  in  the  clear,  from  the  center  of  the  track.  They  shall  be 
notched  I  in.  over  the  cross-ties  and  sj^liced  with  a  horizontal  half  and 
half  joint,  6  ins.  long,  over  a  tie.  They  shall  be  bolted  to  the  cross-tie 
at  the  splice,  to  the  cross-tie  next  adjacent  to  the  splice,  and  to  every 
fourth  tie  between,  by  f-in.  bolts.  To  all  other  ties  they  shall  be 
fastened  by  f-in.  square  spikes.  Inside  rail-guards  shall  be  placed 
at  a  distance  of  7  ins.  in  the  clear  inside  the  track  rail,  and  shall 
extend  back  over  the  ajjproach  to  a  point  not  less  than  50  ft.  from  the 
back  wall. 

Loads. 

The  structure  shall  be  designed  to  resist  the  strains  from  the 
following  loads : 

The  dead  load  shall  consist  of  the  entire  weight  of  the  structure, 
properly  distributed  at  the  various  panel  jaoints. 

The  weight  of  rails,  guard  rails,  splices  and  bolts  shall  be  esti- 
mated at  175  lbs.  per  lineal  foot  of  track;  ties  of  standard  dimensions 
at  225  lbs.  per  lineal  foot  of  track,  and  special  ties  at  4A  lbs.  per 
foot  B.  M. 
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The  live  load  shall  be  the  moving  load,  with  impact.  The  moving 
load  shall  consist  of  two  typical  consolidated  engines,  followed  by  a 
train,  and  distributed  as  shown  in  the  diagram.  Fig.  2. 

ENGINE  ENGINE  TRAIN 


•(i)  Cb6cbcb    96  o  A^o  Cbcbcncb    ^<\,  r,<\,   '-"-^- 


■*• -M^      -_, ^      ^1, _-^ :^ ;^ ^^    .^ ^'»i-'    -^.l*-    -^1^    -^.1^ \y      -./ \,/      \\/ n '-■■-■r  '■ 

Fig.  3. 

There  shall  be  as  many  trains  as  ti-acks,  each  placed  in  such  posi- 
tion as  to  produce  the  maximum  strains  in  the  structure. 

The  impact  will  be  the  increase  of  live  strain  in  any  member,  due  to 
the  sudden  application  of  the  moving  load,  and  shall  be  provided  for 
according  to  the  following  table,  by  interpolation  : 

X(ft.)         10        20        30        40        50        60        70        80 
/   {%)        30        20        14         10  7  4  2  1 

Where  L  =  Distance  in  feet  through  which  the  moving  load  must 
pass  to  produce  the  given  strain. 
/:=  Percentage  of  increase  of  moving  load. 

When  the  bridge  is  on  a  curve,  the  lateral  bracing  and  vertical 
trusses  shall  be  proportioned  to  resist  the  centrifugal  force  due  to  as 
many  trains  as  there  are  tracks,  moving  in  the  same  direction,  at  the 
rate  of  60  ft.  per  second. 

Provision  shall  be  made  for  the  sudden  starting  or  stopj)ing  of 
trains,  estimating  the  coefficient  of  sliding  friction  at  15  per  cent. 

Provision  shall  be  made  for  wind  pressure,  acting  in  either  direc- 
tion horizontally  :  1st,  of  30  lbs.  per  square  foot  of  the  surface  of  all 
trusses  and  the  floor,  as  seen  in  elevation,  considering  the  ties  solid 
area  ;  in  addition  to  a  train  10  ft.  high,  beginning  2  ft.  6  ins.  above 
base  of  rail,  and  moving  across  the  bridge  ;  2d,  of  50  lbs.  per  square 
foot  of  exposed  surface  as  specified  above,  without  the  train.  The 
wind  forces  shall  be  properly  distributed  between  the  upper  and 
lower  chords. 

In  the  case  of  plate  girders,  only  one  girder  need  be  considered. 

Provision  shall  be  made  for  a  variation  of  temperature  of  150° 
Fahrenheit. 

AliLOWABIiE    StBAINS. 

The  strains  from  the  dead  and  the  live  load  shall  be  calculated 
separately.  The  live  strain  will  be  the  total  variation  in  strain  pro- 
duced by  the  live  load.  The  dead  strain  will  be  the  minimum  strain 
to  which  a  member  is  subjected. 

The  allowable  live  strain  per  square  inch  shall  not  exceed  one-half 
of  that  permissible  for  dead  strain. 
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The  allowable  dead  strain  per  square  incli  for  rolled  steel  shall  not 
exceed  18  000  pounds. 

For  columns  subject  to  direct  compression  only,  the  allowable 
working  strain  of  18  000  lbs.  per  square  inch  shall  be  reduced,  in  pro- 
portion to  the  ratio  of  length  to  least  radius  of  gyration,  by  the  fol- 
lowing formula  : 

18  000  lbs. 


18  000  r2 

Where  p  =  allowable  dead  strain  per  square  inch,  in  pounds, 
I   =  length  of  column,  in  inches, 
r  =  least  radius  of  gyration  of  cross  section,  in  inches. 

For  columns  subject  to  alternate  strains  of  tension  and  comjjres- 
sion,  the  compressive  strain  shall  be  increased,  to  provide  for  the 
increase  of  strain  due  to  flexure,  in  proi^ortion  to  the  ratio  of  the 
length  to  the  least  radius  of  gyration,  by  the  formula : 


P  =  P  (i  + 


18  000  r2. 


Where  p  =  direct  compression  in  member, 

P  =  increased  strain  due  to  length  of  column, 
I  and  r   =  length  and  least  radius  of  gyration  of  cross-section,  in 
inches. 

The  total  compressive  strain  thus  found  shall  be  added  to  the  ten- 
sile strain,  and  the  resulting  strains  per  square  inch  shall  not  exceed 
those  specified  for  live  strains. 

In  case  of  compression  flanges  of  beams  and  girders,  the  allowable 
working  strains  per  square  inch  of  such  flanges  for  dead  strain  shall 
be  computed  by  the  formula  : 

18  000  lbs. 


C  = 


1+    " 


5  000  w^ 
Where  c  =  allowable  compressive  strain  per  square  inch, 

I  ==  unsupported  length  of  compressed  flange,  in  inches, 
w  =  width  of  flange,  in  inches. 

The  shearing  on  pins,  rivets,  and  bolts  shall  not  exceed  for  dead 
strain,  13  500  lbs.  per  square  inch  of  cross-section.  Where  tension 
on  rivets  is  unavoidable,  it  shall  not  exceed  one-half  the  limit  allowed 
for  direct  shear.  When  a  force  is  oblique,  the  components  of  direct 
tension  and  of  direct  shear  shall  be  considered  separately  and  the  re- 
sults combined. 

The  bearing  pressure  on  pins,  rivets,  and  bolts  shall  not  exceed  for 
dead  strain  27  000  lbs.  per  square  inch  (diameter  X  thickness). 
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In  cases  of  field  rivets,  driven  by  hand,  an  excess  of  25%  shall  be 
allowed. 

Wind  pressure,  centrifugal  force,  and  sliding  friction,  either  sej^a- 
rately  or  combined,  shall  not  produce  greater  strain  per  square  inch 
than  that  allowed  for  dead  strain. 

The  jDressure,  in  pounds  per  lineal  inch  of  roller,  shall  not  exceed 
500  -y/  d  for  total  load,   [d  =  diameter,  in  inches). 

Bed  plates  od  masonry  shall  be  so  proportioned  that  the  greatest 
pi'essure  on  the  masonry  does  not  exceed  300  lbs.  per  square  inch. 

DETAiiiS  OF  Design. 
The  assumed  spans  for  calculation  shall  be  as  follows  : 
For  pin-connected  trusses — distance  between  centers  of  end  pins. 
"    riveted  girders  "  "  "  "       bearing. 

"    cross-girders  "  "  "  "       trusses. 

"    track  stringers  "  "  "         of  cross-girders. 

"    cross-ties  "  "  "of  track  stringers. 

The  assumed  depth  for  calculation  shall  be  : 
For  pin-connected  trusses — distance  between  centers  of  chord  pins. 
"   riveted  girders  "  "  "        "    gravity    of 

flanges  (not  to  exceed  the  distance  out  to  out  of  angles). 

The  whole  of  the  wind  force  due  to  the  train  and  floor,  and  one- 
half  of  the  truss,  shall  be  considered  as  acting  on  the  lateral  system 
of  the  loaded  chord,  and  that  due  to  one-half  the  truss  only,  on  the 
latei'al  system  of  the  unloaded  chord. 

In  the  case  of  deck  bridges  and  very  heavy  curves,  some  of  the 
centrifugal  force  may  be  transferred  to  the  lower  lateral  system,  in 
which  case  the  truss  shall  be  duly  strengthened.  The  end  jjortal 
bracing  in  through  bridges  must  be  of  sufficient  strength  to  transfer 
the  accumulated  wind  strains  from  the  ujjper  lateral  system  to  the 
end  posts,  and  the  end  sway-bracing  in  deck  bridges  shall  carry  the 
whole  of  the  accumulated  wind  and  centrifugal  forces  from  the  loaded 
chord  to  the  abutment. 

Each  main  panel  of  deck  bridges  shall  be  provided  with  inter- 
mediate sway -bracing  rods,  of  a  sufficient  section  to  carry  one-half  the 
maximum  increment  due  to  wind  on  train,  and  to  centrifugal  force. 
Through  bridges  shall  be  provided  with  post  brackets  at  the  inter- 
mediate panel  points,  of  sufficient  strength  to  maintain  the  panel  in 
a  vertical  position  under  the  specified  wind  pressure,  or,  when  the 
height  of  top  chord  exceeds  25  ft.  above  base  of  rail,  an  overhead  sys- 
tem of  sway  bracing  shall  be  used. 

Tension  at  the  windward  column  of  trestle  piers  shall  be  avoided 
if  possible,  and  in  any  case  approved  anchor  bolts  well  secured  to  the 
masonry  shall  be  used. 
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The  struts  sliall  be  proportioned  to  witlistand  their  comijonent  of 
strain.  No  reduction  shall  be  made  from  chord  section  on  account  of 
the  material  in  the  lateral  system. 

All  parts  shall  be  so  designed  that  the  strains  coming  upon  them 
may  be  definitely  calculated.  The  center  line  of  resistance  of  a 
member  will  be  along  its  neutral  axis,  and  connections  shall  be  so 
designed  as  to  avoid  bending,  twisting  or  unequal  tearing  of  the 
member  or  its  details.  The  line  of  strain  shall  pass  centrally  through 
any  cluster  of  rivets  which  resist  it,  and  where  angles  or  jalates  are 
otherwise  than  so  connected,  proper  provision  shall  be  made  for  the 
moments  and  secondary  strains  produced.  Details  will  be  so  designed 
as  to  give  free  access  for  inspection  and  painting,  and  water  pockets 
shall  be  avoided.  In  every  case  the  connection  of  details  shall  be  of 
greater  strength  than  the  member  itself. 

All  members  which  are  subject  to  direct  strains,  in  addition  to 
bending  moments,  shall  be  so  proportioned  that  the  algebraic  sum 
of  the  strains  coming  upon  them  shall  not  exceed  the  specified  allow- 
able strains,  properly  reduced  in  case  of  columns.  In  continuous 
upper  chords  of  deck  bridges,  carrying  the  floor,  the  strains  due  to 
the  live  load  shall  be  computed  from  a  bending  moment  equal  to  f  of 
the  maximum  moment  produced  by  the  engine  on  a  span  equal  to  a 
panel  length  considered  as  a  simple  beam. 

The  strain  on  the  outer  fiber  of  solid  shapes  shall  be  computed 
from  the  moment  of  inertia  of  the  section. 

No  allowance  shall  be  made  for  the  web  in  calculating  the  flange 
section  of  plate  girders. 

In  every  case  at  least  one  upper  flange  plate  on  plate  girders  shall 
extend  from  end  to  end  of  the  girder,  and  any  additional  plates  used 
to  make  up  the  flange  section  shall  be  made  of  such  lengths  as  to 
allow  at  least  two  rows  of  rivets  of  the  regular  jjitch  being  placed  at 
each  end  of  the  plate  beyond  the  theoretical  point  required,  and  there 
shall  be  a  sufiicient  number  of  rivets  at  the  ends  of  the  plates  to  trans- 
mit their  value  before  the  theoretical  point  of  the  next  outside  plate 
is  reached.  Where  the  flange  plates  vary  in  thickness,  they  shall  de- 
crease outward  from  the  flange  angles.  Girders  formed  of  web  jjlates 
and  angles  alone,  having  no  uj)per  flange  plate  proper,  will  not  be 
allowed.  The  total  thickness  of  plates  and  angles  shall  not  exceed  five 
times  the  diameter  of  the  rivet  used.  Flanges  of  plate  girders  over  12 
ins.  in  width  shall  have  at  least  four  rows  of  rivets,  and  those  over  16 
ins.  in  width  at  least  six  rows  of  rivets. 

All  flange  plates,  subject  to  either  tension  or  compression,  spliced 
in  the  length  of  the  girder,  shall  be  covered  with  an  extra  amount  of 
material  equal  in  section  to  the  material  spliced,  with  sufiicient  rivets 
on  either  side  to  transmit  the  strains  from  the  parts  cut.  Flange 
angles  shall  be  spliced  with  angle  covers. 
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In  calculating  the  shearing  or  bearing  strain  in  web  rivets  of 
plate  girders,  the  -whole  of  the  shear  acting  on  the  side  of  the  panel 
next  to  the  abutment  shall  be  considered  as  being  transferred  into 
the  flange  angles  at  a  distance  equal  to  the  depth  of  the  girders. 

The  webs  of  i^late  girders  shall  be  spliced,  wherever  cut,  by  a  jalate 
on  each  side  of  the  web  capable  of  transmitting  the  full  shearing 
strain  through  spliced  rivets. 

When  the  thickness  of  the  web  plates  is  less  than  gV  of  the  unsup- 
ported distance  between  flange  angles,  heavy  stiffeners  shall  be 
riveted  on  both  sides  of  the  web,  with  a  close  bearing  against 
the  upper  and  lower  flanges  and  calculated  as  columns  by  the 
compression  flange  formula  for  the  whole  shear  at  the  several 
points  where  they  are  placed.  These  stiffeners  shall  be  placed  at 
distances,  center  to  center,  generally  not  exceeding  the  depth  of  the 
full  web  plate,  with  a  minimum  limit  of  4  ft.  Web  plates  generally 
shall  have  stiflfeners  at  bearing  points  and  at  points  of  concentrated 
loading. 

Net  sections  shall  be  used  in  all  cases  in  calculating  tension  mem- 
bers, and  in  deducting  rivet  holes  they  shall  be  taken  as  -g^  in.  wider 
than  nominal  diameter  of  rivet.  In  calculating  the  net  sections, 
having  rivets  staggered,  all  rows  shall  be  deducted,  unless  so  ar- 
ranged that  the  net  section  along  a  zigzag  line,  taking  all  distances  in 
the  diagonal  direction  at  only  three-fourths  their  value,  exceeds  the 
corresponding  net  section  directly  across  the  plate. 

Rivets  shall  not  be  spaced  closer  than  three  diameters,  center  to 
center,  nor  further  ajiart,  in  the  direction  of  the  strain,  than  twelve 
times  the  thickness  of  the  thinnest  external  jDlate  connected,  and  not 
more  than  thirty  times  that  thickness  at  right  angles  to  the  line  of 
strain. 

Rivets  shall  not  be  spaced  closer  to  the  side  of  the  plates  than  IJ 
diameters  to  the  center  of  the  rivet,  nor  further  from  the  side  than 
eight  times  the  thickness  of  plate.  In  no  case  shall  the  pitch  of 
rivets  exceed  6  ins. 

Field  rivets  shall  be  reduced  to  a  minimum. 

Built  chords  shall  be  thoroughly  spliced  with  rivets  and  additional 
section  sufficient  to  transmit  the  entire  strain;  no  allowance  shall  be 
made  for  abutting  surfaces,  except  in  heavy  work. 

When  necessary  to  obtain  sufiicient  bearing  surface  at  pin-holes,  re- 
enforcing  plates  shall  be  added.  These  plates  shall  have  a  sufiicient 
number  of  rivets  to  properly  distribute  the  bearing  strains  from  the 
l^ins  to  the  member  to  which  they  are  connected. 

All  segments  of  members  in  compression,  connected  by  strapping 
only,  shall  have  terminal  cross-bracing  plates  at  each  end,  the 
rivets  and  net  section  of  which  shall  be  sufficient  to  transfer  the 
total   maximum   strain   borne  by  the  segment,  and  the  thickness  of 
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which  shall  not  be  less  than  -4-0  of  the  distance  between  rivets  con- 
necting them  to  the  compressed  member.  In  no  case,  however, 
shall  the  length  of  the  batten  plate  be  less  than  the  width  of  the 
member. 

The  distance  between  connections  of  strapj^ing  shall  be  such  that 
the  individual  members  composing  the  column,  considered  with 
hinged  ends  and  a  length  equal  to  the  distance  between  these 
connections,  shall  be  stronger  than  the  column  as  a  whole,  and 
in  no  case  shall  this  distance  exceed  eight  times  the  least  width 
of  these  members.  Where  the  ends  of  the  compression  member  are 
forked  to  connect  the  jiius,  the  strength  of  each  leg  shall  be  at  least 
equal  to  the  entire  strength  of  the  column,  and  the  re  enforcing 
plates  shall  extend  not  less  than  6  ins.  beyond  the  edge  of  the  batten 
jjlates. 

Single  lattice  straps  shall  have  a  thickness  of  not  less  than  -4-0,  and 
double  lattice  straps  not  less  that  -yu,  of  the  distance  between  the 
rivets  connecting  them  to  the  compressed  member,  and  their  widths 
shall  be  : 

For  15-in.  channels  or  3.V-iu.  and  d-in.  angles  (i-in.  rivets).  2J  ins. 

"     12-iu.         "  "  3-in.  angles  (f-in.  rivets) 2|  ins. 

"       9-in.  "  "  2^-in.      "        (f -in.  rivets) 2]- ins. 

"       8-in.         "  "  2-in.        "        (|-in.  and  I-in.  rivets).  2    ins. 

"       7-in.  "  "  2-iu.        "        (f -in.  and  f -in.  rivets) .  2    ins. 

Single  lattice  bars  shall  generally  be  inclined  at  an  angle  of  60°  to 
the  axis  of  the  member,  and  double  lattice  bars  at  an  angle  of  45°, 
with  a  rivet  at  their  intersection. 

All  bridges  over  65  ft.  long  shall  be  jDrovided  at  one  end  with 
turned  friction  rollers,  not  less  than  2y  ins.  in  diameter,  between  two 
planed  surfaces.  For  spans  of  65  ft.  or  less,  planed  surfaces  shall  be 
used  without  rollers.  The  nest  of  rollers  shall  be  projjerly  protected 
from  the  accumulation  of  dust  and  cinders. 

Trusses  shall  be  secured  against  side  motion  on  bearing  plates 
and  rollers.  The  bolster  blocks  shall  be  joined  to  the  truss,  and  the 
bearing  plates  shall  be  secured  to  the  underlying  supi^orts  by  bolts  or 
dowels. 

Eye-bars  shall  be  so  packed  as  to  produce  the  least  bending  moment 
on  the  pin,  and  shall  not  be  jDacked  out  of  line  with  the  axis  of  the 
member  more  than  ^  in.  to  1  ft. 

No  iron  less  than  f  in.  thick  shall  be  used,  excejat  for  j^acking  or 
other  idle  material.  No  counter  rod  shall  have  less  than  H  sq.  ins.  of 
sectional  area. 

The  camber  shall  be  such  that  under  maximum  load  the  bridge 
will  not  deflect  below  a  horizontal  position. 
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Quality  of  Materiaij. 

Rolled  Steel. — Rolled  steel  shall  be  made  by  the  oisen-hearth  pro- 
cess, aad  shall  contaianot  more  than  .04%' phosphorus,  .04%  sulphur, 
nor  .45%  manganese.  The  steel  shall  be  finished  straight  and  smooth, 
and  shall  be  a  perfect  product;  the  slightest  flaw  Avill  be  sufficient 
cause  for  rejection  at  any  time  during  the  progress  of  the  work. 

The  tensile  strength,  yield  point,  and  ductility  of  the  material  shall 
be  determined  from  a  standard  test  piece  of  not  more  than  2  ins.  in 
width,  nor  less  than  \  sq.  in.  in  sectional  area,  cut  from  a  full-sized 
bar,  and  with  sides  turned  or  planed  parallel,  so  as  to  give  a  uniform 
minimum  section  for  a  lengtJj  of  at  least  12  ins. 

Whenever  practicable,  the  two  sides  of  the  test  piece  shall  be  left 
as  they  come  from  the  rolls,  but  the  finish  on  opj^osite  sides  shall  be 
alike  in  this  respect. 

In  determining  the  ductility,  the  elongation  shall  be  measured 
after  breaking,  on  an  original  length  of  8  ins.,  in  which  length  shall 
occur  the  curve  of  reduction  each  side  of  the  point  of  fracture. 

The  yield  point  shall  be  that  strain  beyond  which  the  elongation 
ceases  to  be  proiJortional  to  the  weight  imposed,  and  may  be  indicated 
by  "drop  of  beam."  It  shall  in  no  case  be  less  than  55%"  of  the 
maximum  strain  sustained  by  the  test  piece.  The  speed  of  testing 
shall  be  governed  by  the  inspector. 

All  rolled  steel,  except  rivet  steel,  shall  show  by  the  standard  test 
piece  a  maximum  strain  jDer  square  inch  of  56  000  lbs.  ±  4  000  lbs. , 
with  an  elongation  of  26%  in  8  ins.  Rivet  steel,  when  tested  in  speci- 
mens of  full  size  of  i-ivet  rod,  shall  show  an  ultimate  strain  per  square 
inch  not  exceeding  56  000  lbs.  with  an  elongation  of  30%  in  8  ins. 

Each  melt  of  finished  material  shall  receive  two  tension  tests — one 
cut  from  each  extreme  variation  in  thickness  of  metal  rolled. 
When  both  tests  comply  with  the  specifications,  all  intermediate 
thicknesses  will  be  accej)ted;  otherwise  only  such  thicknesses  of  metal 
will  be  accejated  as  show  satisfactory  tests. 

Each  finished  piece  of  steel  shall  be  marked  with  the  melt  number. 

Wrought  Iron. — All  wrought  iron  shall  be  toiigh,  ductile,  fibrous 
and  uniform  in  quality.  It  shall  be  thoroughly  welded  in  rolling,  and 
finished  straight  and  smooth.  It  shall  be  free  from  flaws,  blisters, 
cinder-spots,  cracks,  and  imperfect  edges.  Scrap  steel  shall  not  be 
used  in  its  manufacture. 

The  methods  specified  for  testing  rolled  steel  shall  apply  generally 
to  wrought  iron. 

All  iron  shall  show  by  the  standard  test  j^iece  a  maximum  strength 
of  not  less  than  50  OliO  lbs.  per  square  inch  and  an  elongation  of  20  per 
cent. 

The  yield  point,  as  shown  by  the  standard  test  piece,  shall  in  no 
case  be  less  than  26  000  lbs.  per  square  inch. 
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All  irou  when  cut  iuto  testing  strips  l.\  ins.  in  widtli  and  with 
corners  rounded  to  i  in.  radius,  must  be  capable  of  resisting,  witliout 
signs  of  fracture,  bending  cold  90°,  with  the  inner  radius  not  to  exceed 
three  times  the  thickness  of  the  test  piece. 

All  iron  which  is  to  be  bent  in  manufacture  shall,  in  addition  to 
the  above  requirements,  be  capable  of  bending  sharply  to  a  right  angle 
at  a  working  heat  without  any  signs  of  fracture. 

Cast  Iron. — All  cast  iron  shall  be  tough  and  sound,  free  from  blow- 
holes, cold-shuts  or  other  injurious  imperfections.  When  broken  the 
fracture  shall  indicate  a  good  quality  of  gray  iron. 

Sample  test  specimens,  27  ins.  long,  2  ins.  x  1  in.  in  cross-section, 
cast  under  the  same  circumstances  as  those  which  attend  the  casting  of 
the  full-sized  piece,  shall  sustain  at  the  center,  when  resting  flatwise 
upon  two  dull  knife  edges,  spaced  24  ins.  apart,  a  load  of  2  000  lbs.; 
the  load  to  be  sustained  two  minutes,  and  show  a  deflection  of  not  less 
than  \  in.  before  fracture. 

WOKKMANSHIP. 

All  workmanship  shall  be  first  class.  All  parts  exposed  to  view 
shall  be  neatly  finished.     All  nuts  shall  be  hexagonal. 

In  punching,  the  diameter  of  the  punch  shall  not  exceed  by  more 
than  -,-H  in.  the  diameter  of  the  rivet  to  be  used,  and  the  diameter  of 
the  die  shall  be  as  small  as  may  be  required  to  jaunch  a  clean  hole. 

The  holes  shall  be  so  carefully  spaced  and  punched  that,  upon  as- 
sembling, no  variation  from  a  trtily  opposite  position  of  more  than  -,-g- 
in.  will  occur.  All  holes  shall  be  reamed  to  an  exact  match  before  the 
rivet  is  driven. 

Eivets,  when  driven,  shall  comi^letely  fill  the  holes,  and  shall  be 
machine  driven  whenever  jjossible.  They  shall  have  full,  concentric, 
hemispherical  heads  of  a  dejjth  at  circumference  of  shank  of  not  less 
than  one-half  the  diameter  of  rivet,  and  with  full  bearing  on  the 
plates;  or  they  shall  be  countersunk  when  so  required.  Kivet  heads 
shall  not  be  flattened  to  less  than  half  the  diameter  of  the  rivet. 

Generally  the  use  of  bolts  instead  of  rivets  will  not  be  permitted, 
but  when  used  in  special  cases  the  holes  shall  be  reamed  parallel  and 
the  bolts  turned  to  a  driving  fit. 

Where  the  work  is  to  be  field  riveted,  the  parts  shall  be  assembled 
before  leaving  the  shops,  and  the  holes  reamed  to  match.  In  the  case 
of  splices  of  upioer  chords,  or  other  compression  members,  they  shall 
be  brought  to  forcible  contact  by  the  use  of  turnbuckles,  and  after 
reaming  shall  have  match  marks  put  on  the  pieces  so  that  they  may 
be  brought  to  proper  position  in  the  field,  before  riveting. 

Finished  members  shall  be  true  and  free  from  kinks,  twists  and 
open  joints. 
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Rods  and  bars  wliieli  are  to  receive  a  thread  shall  be  i:)roperly  upset 
before  the  thread  is  cut.  Where  threads  are  cut  on  steel,  they  shall  be 
properly  filleted. 

All  members  requiring  adjustment  shall  be  provided  with  sleeve 
nuts  and  check  nuts.  Open  turnbuckles  will  not  be  allowed.  The 
ends  connected  shall  be  distinctly  punch-marked,  at  a  distance  of  12 
ins.  from  the  screw  ends,  so  that  these  ends  may  be  accurately  located 
inside  the  nut. 

Heads  of  eye-bars  shall  be  of  sufficient  section  to  break  the  bar  in 
every  case.  Bars  shall  be  full  size  at  the  neck;  no  patching  will  be 
allowed. 

Welds  in  the  body  of  the  bars  or  rods  will  not  be  allowed. 

Pius  shall  be  turned,  perfectly  finished,  and  straight. 

All  members  having  bearing  on  pins  shall  be  carefully  bored  at 
right  angles  to  the  axis,  unless  otherwise  sho^vn  in  the  drawings.  No 
variation  will  be  allowed  between  diameter  of  pin  and  pin  hole  of 
more  than  -^  in.  For  pin  holes,  in  pieces  which  are  not  adjustable 
for  lengths,  no  variation  of  more  than  ^^  in-  in  length  between  centers 
of  jjin'holes  will  be  allowed. 

Eye-bars  shall  be  perfectly  straight  before  boring  ;  the  holes  shall 
be  in  the  center  of  the  heads  and  on  the  center  line  of  the  bar.  Bars 
which  belong  to  the  same  member  shall  be  bored  at  the  same  temper- 
ature and  in  one  operation.  They  shall  be  marked  for  erection,  so 
that  they  may  be  used  in  the  same  member. 

When  bolts  are  used  instead  of  pins,  a  variation  of  -j-g  in.  will  be 
allowed  between  diameter  of  bolt  and  hole. 

All  abutting  surfaces,  except  flanges  of  plate  girders,  shall  be 
neatly  jjlaned  or  turned  perpendicular  to  the  direction  of  the  strain, 
so  as  to  insure  even  bearings. 

Stiffeuers  of  plate  girders  shall  be  milled  to  fit  tightly  against  the 
flange  angles,  and  shall  be  packed  straight.  The  jjacking  shall  fit 
close  to  the  flange  angles,  leaving  no  open  space. 

Rollers  shall  be  turned  and  roller  beds  and  bed  plates  planed; 
the  bottom  of  shoes  shall  be  planed  exactly  parallel  to  the  center  line 
of  jjin,  unless  otherwise  shown  in  the  drawings. 

Thickening  washers  shall  be  used  whenever  required  to  pack  the 
pin  joints  tight. 

Pilot  nuts  shall  be  furnished  for  each  size  of  pin  to  preserve  the 
thread  of  the  pin,  and  to  facilitate  erection. 

Painting. 

All  iron  shall  be  scraped  free  from  scale,  and  receive  one  coat  of 
pure  kettle-boiled  linseed  oil  before  leaving  the  shops,  and  one  coat 
of  approved  paint  after  erection.     All  surfaces  which  come  in  contact, 
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or  are  enclosed,  sliall  receive  one  coat  of  approved  paint  before  being 
assembled. 

All  turned  or  faced  siirfaces  shall  receive  a  coat  of  white  lead  and 
tallow  before  leaving  the  shops. 

Inspection. 

Free  access  and  information  shall  be  given  by  the  contractor  for  a 
thorough  inspection  of  material  and  workmanship. 

The  inspector  will  make  detailed  reports  of  his  inspection  to  the 
engineer,  and  may  notify  the  contractor  of  any  defects  in  material 
and  workmanshii),  but  all  acceptances  made  by  him  shall  be  consid- 
ered as  temi^orary,  and  his  inspection  shall  in  no  way  relieve  the  con- 
tractor of  full  resijonsibility  for  the  character  and  accuracy  of  the 
work  until  its  completion  and  final  acceptance  by  the  engineer. 

The  contractor  shall  furnish  without  extra  charge  such  standard 
test  pieces  as  may  be  necessary  to  determine  the  uniform  quality  of 
the  material,  and  also  the  use  of  a  reliable  testing  machine  with  neces- 
sary labor  for  testing. 

Full-sized  members  may  be  tested  to  destruction  by  the  engineer. 
They  will  be  paid  for  at  cost,  less  their  scrai^  value,  if  they  fulfill  the 
requirements,  but  when  the  requirements  are  not  comijlied  with,  the 
tests  shall  be  at  the  expense  of  the  contractor.  Such  rejections  of 
the  finished  material  as  he  may  consider  warranted  by  the  results  of 
these  tests  will  be  made  by  the  engineer. 
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DISCUSSION. 


Mr.Breithaupt.  WiLLiAM  H.  Breithaupt,  M.  Am.  Soc.  C.  E. — During  the  years  1859 
to  1870  Herr  A.  Wohler,  a  mechanical  engineer  on  railroads,  made  for 
the  Prussian  Government  a  series  of  minute  and  careful  experiments 
on  the  effect  of  often-repeated  straining  of  iron  and  steel,  bj  which  he 
established  what  is  known  as  Wiihler's  law,  which  is  an  expression  of 
what  is  characteristically  called  the  fatigue  of  metals.  Wohler's  con- 
clusions were  confirmed  by  Professor  Spangeuberg,  who  continued  the 
investigation  after  1870.  The  facts  ascertained  were  promi)tly  made 
use  of  by  Gerber,  Launhardt,  who  established  formulas  since  known 
by  his  name,  and  others. 

The  author,  in  his  clear  analysis  of  Wohler's  experiments,  deduces 
a  basis  of  proportioning,  and  leaves  little  ground  for  objection  to  the 
theory  of  the  fatigue  of  metals.  As  to  the  basis  of  proportioning, 
there  is  still  difference  among  engineers.  In  the  ojjinion  of  the  writer, 
fixing  the  live-load  allowable  unit  stress  at  only  half  that  of  the  dead 
load  gives  a  result  which  is  too  low.  Bauschinger  demonstrated,  as 
referred  to  by  the  author,  that,  within  limits,  material  does  recover 
from  strain,  and  it  must  be  assumed  that  this  recovery  is  more  or 
less  according  to  the  time  allowed  for  it.  Wohler  made  applications 
of  stress  at  the  rate  of  72  per  minute.  Even  at  this  rate  constantly 
maintained,  it  will  be  noted  that  it  takes  over  a  year  to  make  40  000  000 
repetitions.  Such  conditions  obtain  in  machines,  but  not  in  structures. 
It  should  be  said  here  that  of  Wohler's  experiments  a  few  isolated 
ones  were  on  the  effect  of  variation  of  time  intervals  between  applica- 
tions of  stress.  In  two  sets  of  bending  tests,  the  specimens  being 
held  at  one  end  only,  the  results  were  as  follows : 


Maximum  stress  in  pounds. 

Number  of  Applications  to  Break  Specimen. 

18  per  minute. 

72  per  minute. 

29  960 
35  680 

170  900 
610  000 

183  145 
909  810 

Even  with  the  longer  intervals  the  applications  are  so  frequent  as  to 
exclude  any  idea  of  recovery  of  material.  The  differences  in  the  num- 
ber of  repetitions  do  not  agree  proportionally,  and  at  best  these  few 
experiments  are  not  conclusive.  Wohler  himself  modified  his  co- 
efficients for  cases  of  maximum  loading  applied  only  at  long  intervals. 
Launhardt's  formula  gives  smaller  sections  than  does  the  author's 
method,  and  so  do  the  unit  stresses  adojjted  by  other  engineers,  al- 
though in  general  not  differing  much. 
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The  author's   elimination    of   continuous  drawbridges   can  apply  Mr.Breithaupt. 
economically,   as  no  doubt  it  is  meant  to,  only  to  turn-table  draw- 
bridges of  shorter  span.     Instead  of  the  latter,  single  or  double-leaf 
bascule  bridges,  as  now  developed,  are  in  most  cases  preferable. 

The  author  fixes  the  distance  from  center  to  center  of  track  on 
double-track  bridges  at  12  ft.  G  ins.  It  should  be  whatever  it  is  on 
the  road.  Ten  years  ago  12  ft.  between  centers  on  double  track  was 
common,  now  it  has  been  increased  to  13  ft.  on  a  number  of  roads. 
There  should  be  no  change  in  alignment  on  or  near  a  bridge  if  prac- 
ticable to  avoid  it.  Neither  should  there  be  change  of  grade.  An 
abrupt  change  of  grade  is  a  fruitful  cause  of  the  jaarting  of  freight 
trains,  of  pulling-out  of  draw  bars,  of  der^ailment,  and  of  consequent 

l:i>6  xl»  Fillinsr  tilock 
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STANDARD  BRIDGE  FLOOR 
Fig.  3. 

injury  or  wrecking  of  structures.  There  is  naturally  a  down  grade 
toward  watercourses,  and  the  resulting  changes  of  grade  should  be 
eased,  and  located  as  far  away  from  the  bridge  as  practicable. 

If  a  single  driver  axle  of  the  specified  weight  is  carried  by  two 
6  X  8-in.  ties  only,  the  extreme  fiber  stress  per  square  inch  with  7-ft. 
stringer  spacing  will  exceed  1  000  lbs.  by  more  than  400  lbs.  With  an 
80-lb.  or  even  a  75-lb.  rail,  it  is  iisiial,  and  is  allowable,  to  consider 
the  axle  as  carried  by  three  ties.  For  a  stiff  floor,  reasonably  contin- 
uous in  case  of  derailment,  the  ties  should  be  spaced  not  more  than 
4  ins.  apart  in  the  clear.  The  guard-rails  should  have  an  even  surface, 
and  not  be  obstructed  by  washers  or  bolt  heads.  The  desirability  of 
this  is  obvious  in  considering  derailment,  or  in  the  case  of  anything 
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Mr.Breithaupt.  dragging  on  the  guard-rail  which  would  be  caught  and  thrown  about 
by  projections  thereon.  Over  the  floor  beams  (a  space  of  12  ins.  or 
more),  some  support  to  the  rail  is  desirable  to  avoid  undue  stress  in 
the  adjacent  ties.  This  can  readily  be  given  by  a  filling  block  nailed 
in.     A  bridge  floor  as  specified  by  the  writer  is  shown  in  Fig.  3. 

The  live  load  given  by  the  author  is  a  typical  one  as  used  in 
present  designing.  The  percentages  for  impact  give  increase  for 
floor  i)roportioning.  Another  method  used*  is  to  assume  a  uniformly 
heavy  load  over  the  entire  bridge,  with  one  local  concentration  only. 
Very  heavy  cars  are  to  some  extent  coming  into  use,  as  referred  to  by 
the  author,  but  in  any  event  it  mvist  be  assumed  that  engine  loads 
will  continue  to  be  heaviei"*  than  train  loads,  so  that  for  a  length  of 
100  ft.  at  the  head  of  the  train  the  load  will  be  heavier  than  for  the 
rest  of  the  train.  Proi^ortioning  on  the  basis  specified  by  the  author 
is  therefore  more  rational. 

On  the  subject  of  impact  there  is  considerable  agitation  at  present, 
and  it  is  to  be  hoped  that  we  may  have  more  definite  results.  The 
author  well  says  that  there  is  as  yet  little  or  nothing  on  which  to  base 
definite  specifications.  It  is,  however,  difiicult  to  see  why,  if  for  40-ft. 
spans  impact  is  taken  at  10^,  it  should  be  only  1%  for  80-ft.  spans. 
The  writer  has  specified  for  impact  as  follows:  20%"  for  stringers, 
15%  for  floor  beams,  and  for  main  girders  in  the  proportion  of  10% 
for  40-ft.  spans  to  5%  for  100-ft.  sjaans. 

In  riveting  there  are  a  number  of  things  that  affect  the  value  of 
the  rivet,  such  as  slight  mismatching  or  misfit  of  holes,  short  or  over- 
length  of  rivet,  under-heating,  eccentric  or  otherwise  careless  driving, 
etc. ;  on  the  other  hand,  their  value  is  largely  added  to  by  friction 
between  the  surfaces  they  hold  together.  In  many  cases  the  number 
of  rivets  is  determined  by  their  permissible  minimum  spacing.  For 
field  rivets,  which  are  usually  hand-driven,  and  the  bulk  of  which  are 
for  floor  connections,  with  a  large  excess  of  live-load  stress,  a 
proportional  allowance  on  the  side  of  safety  is  made.  Nevertheless, 
the  author's  method  of  proportioning  for  rivets  and  details  through- 
out in  the  same  general  way  as  for  main  members  is  the  more 
rational  one. 

Unit  dead-load  stresses  are  given  for  shear  and  bearing  on  j^ins, 
rivets  and  bolts  which  are  correspondingly  somewhat  higher  than 
those  allowed  by  most  engineers.  But  there  is  no  special  value  given 
for  bending  stress  in  pins.  If  the  general  dead-load  unit  stress  is 
taken  for  this,  as  seems  the  intention,  it  will  be  inconsistent  with  the 
values  given  for  shear  and  bearing,  and  furthermore,  will  give  un- 
necessarily large  jDins. 

The  author  is  to  be  commended  for  not  specifying  any  diffference 
in   unit    stress  between    plates    and    shaj)es    and    eye-bars.     It    has 

*  Instance,  Pennsylvania  Lines  West  of  Pittsburg  Specifications. 
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been  repeatedly  shown*  tliat  shapes,  when  properly  connected,  are  as  Mr.Breithaupt. 
good  for  net  section  as  are  eye-bars,  if  not  a  trifle  better  on  account 
of  the  annealing  of  the  latter. 

The  pressure  on  rollers  in  pounds  per  lineal  inch  is  specified  as 
not  to  exceed  500  \/(/.  With  the  minimum  dimension  of  rollers  speci- 
fied, this  does  not  apply  for  short  single-track  spans;  for  longer  spans 
it  is  a  small  value.  It  has  been  found  by  experimentf  that  1  200 y  d 
lbs.  is  eritirely  safe,  and  this  has  ajapeared  in  bridge  specifications.  A 
common  specification  for  this  value  is  300  d. 

Provision  for  expansion  ends  does  not  generally  receive  proper 
attention.  Frequent  observation  of  dislocation  of  expansion  rollers, 
in  long  and  short  spans  indifferently,  by  the  accumulation  of  dust  or 
sand  blown  in  between  the  rollers,  has  led  the  writer  to  adojit  sliding 
expansion  ends  for  spans  up  to  90  ft.,  and,  for  roller  ends,  ribbed 
bed-plates,  made  of  small  I-beams  or  of  matched  rails  of  a  well- 
known  pattern,  having,  under  the  roller  surface,  longitudinal  re- 
cesses, open  above;  and  to  give  all  expansion  bed-plates,  whether  for 
sliding  or  rolling,  central  guide  ridges  fitting  into  grooves  on  the 
rollers. 

In  conclusion,  the  writer  does  not  understand  why  there  should 
not  be  agreement  and  gi'cater  conciseness  among  engineers  in  the  use 
of  two  certain  words.  To  convey  the  same  meaning,  Stoney,  an  old 
and  still  valuable  authority  on  many  things,  used  the  word  "strain"; 
Eankine,  later,  used  "  stress  ";  Du  Bois,  of  present  American  writers, 
uses  or  has  used  both  "strain"  and  "stress";  Burr  uses  "stress," 
Johnson  "stress,"  and  so  on.  Most  engineering  writers,  of  text 
books,  at  least,  if  not  of  specifications,  now  agree  in  the  use  of 
"stress."  Among  engineers,  generally,  there  is  not  such  uniformity, 
and  in  engineering  periodicals  the  confusion  is  apparent.  Within 
the  past  two  weeks  one  of  the  latter,  in  general  notable  for  good 
matter  and  language,  said  "strain,"  and  elsewhere  in  the  same 
number  "  stress."  for  expression  of  identical  meaning.  Rankine,  than 
whom  no  one  is  more  entitled  to  fix  engineering  nomenclature, 
adopted  the  word  "  stress"  for  force  applied  to  a  body,  and  "  strain  " 
for  alterations,  of  what  nature  soever,  in  the  volume  and  figure  of  a 
solid  body,  produced  by  forces  applied  to  it.  J  Under  this  definition, 
then,  there  is  no  such  thing  as  strain  per  square  inch  as  little  as  there 
is  stress  in  length  or  width,  or  in  the  internal  alterations  of  arrange- 
ment of  the  molecules  of  the  body.  There  are  many  uses  of  "  strain  " 
to  which,  even  in  popular  language,  "stress  "  does  not  apply  at  all. 
Strain  and  straining  are  very  convenient  general  terms  for  torsion, 
bending,  tension  or  compression.     The  autographic  record  of  such 

*  "  Recent  Tests  of  Bridge  Members,"  by  J.  E.  Greiner,  Transactions,  Am.  Soo.  C.  E., 
Vol.  xxxviii,  1897,  p.  41. 
t  Crandall,  Cornell. 
t  Rankine,  "Applied  Mechanics." 
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Mr.Breithaupt.  an  apparatus  as  the  old  Tbtiiston  testing  machine,  or  of  the  extenso- 
meter — for  which  strainometer  would  be  a  better  name,  since  it 
measures  both  extension  and  compression — is  a  strain  diagram  or 
strain  sheet,  while  a  diagram  of  a  structure  showing  the  forces  applied 
to  the  various  members  is  a  stress  sheet. 
Mr.  Meniman.  Mansfield  Mekkiman,  M.  Am.  Soc.  C.  E.— The  speaker  agrees 
with  one  or  two  of  the  written  discussions  in  which  it  is  claimed  that 
the  elastic  limit  is  a  more  suitable  point  from  which  to  reckon  work- 
ing stresses  than  the  ultimate  strength.  The  lowest  ultimate  strength 
allowed  for  steel  by  the  author's  siaecifications  is  52  000  lbs.  per  square 
inch,  and  the  lowest  elastic  limit  about  28  600  lbs.  per  square  inch. 
The  latter  figure  indicates  the  degree  of  security  aflforded  by  the  speci- 
fied working  stresses  in  a  very  much  better  manner  than  the  former. 

Wohler's  experiments  determined  smaller  ultimate  strengths  under 
a  large  number  of  repeated  loads,  and  Launhardt's  formula  is  merely 
a  convenient  method  of  exjiressing  these  values  after  division  by  a 
factor  of  safety.  Without  a  knowledge  of  the  elastic  limit,  however, 
it  is  difficult  to  arrive  at  a  sure  decision  whether  Launhardt's  values 
are  or  are  not  too  high.  Whether  the  stresses  be  steady  or  repeated, 
the  elastic  limit  is  to  be  regarded  as  a  constant  quantity,  provided 
that  none  of  the  stresses  surjjasses  that  limit. 

It  is  very  much  to  be  desired  that  an  extended  series  of  tests,  like 
those  of  Wohler,  should  be  undertaken  in  accordance  with  modern 
laboratory  methods.  The  author,  in  his  discussion  of  Wohler's  re- 
sults, appears  to  have  found  difficulty  in  ascertaining  the  tensile 
strength  of  the  metal  under  a  steady  pull.  This  would  not  be  the 
case  in  any  future  series  of  exj)eriments,  as  specimens  from  the  same 
bar  would  be  tested  under  both  steady  and  repeated  loads.  The  tests 
carried  on  at  the  Watertown  arsenal  since  1888  by  Mr.  James  Howard 
fulfill  all  requirements  as  to  care  and  j^recision,  but  they  cover  only 
the  case  of  rotating  bars  under  transverse  stress.  They  furnish  no 
data  for  comparison  with  Launhardt's  formula,  since  the  fiber  stresses 
alternate  equal  distances  in  tension  and  comj^ression,  but  with  respect 
to  the  question  of  fatigue  they  appear  to  harmonize  with  Wohler's 
conclusions. 

In  one  of  these  Watertown  tests  cast  iron  showed  a  remarkable 
power  of  resistance  to  fatigue.  The  specimens  were  gun  iron,  having 
an  ultimate  tensile  strength  of  31  200  lbs.  and  an  apparent  elastic 
limit  of  about  13  000  lbs.  j^er  square  inch.  Under  alternating  fiber 
stresses  of  2.5  000  lbs.  per  square  inch,  api^lied  at  the  rate  of  400  repe- 
titions per  minute,  ruj)ture  occurred  after  4  700  repetitions.  Under 
20  000  lbs.  per  square  inch  rupture  occurred  after  26  400  repetitions. 
Under  15  000  lbs.  per  square  inch  rupture  occurred  after  47  283  500 
repetitions.  It  is  difficult  to  draw  general  conclusions  from  a  single 
series  of  experiments  like  this,  but  it  certainly  shows  that  this  cast 
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iron,  under  alternating  stresses  very  near  to  its  apparent  elastic  limit,  Mr.  Meniman. 
had  a  resistance  to  fatigue  almost,  if  not  fully,  equal  to  many  of  the 
steel  si^ecimens  under  similar  conditions. 

The  author's  discussion  of  the  question  of  fatigue  seems  unneces- 
sary since  the  stresses  in  the  members  of  a  bridge  truss  should  be  kept 
below  the  elastic  limit,  and  hence  fatigue  cannot  result.  In  fact,  the 
ultimate  strength  as  determined  by  a  steady  pull  api^ears  to  have  a 
far  greater  value  than  the  ultimate  strength  as  found  from  an  enormous 
number  of  repeated  stresses,  provided  the  actual  working  stresses 
are  kept  below  the  elastic  limit.  In  respect  to  high  and  unusual 
stresses  caused  by  unbalanced  locomotive  drivers  moving  at  high 
sjjeed,  or  by  derailed  trains,  there  may  be  a  slight  amount  of  occa- 
sional fatigue;  but  these  stresses  should  properly  not  be  taken  into 
account  in  general  rules  apjilying  to  the  normal  and  usual  stresses. 

The  speaker  does  not  wish  to  be  understood  as  objecting  to  the 
author's  rule  which  makes  the  effect  of  a  comi^uted  live-load  stress 
double  that  of  a  dead-load  stress.  If  the  live  load  be  applied  with 
perfect  suddenness,  this  rule  has  a  sound  theoretical  basis,  and,  al- 
though the  factor  2  is  theoretically  too  large  for  railroad  trains, 
yet  it  is  a  good  figure  to  use  in  order  to  provide  for  contingencies 
and  for  fiiture  increase  in  live  loads.  The  author's  general  method 
of  reducing  all  stresses  to  an  equivalent  dead-load  stress,  and  of  using 
the  single  value,  18  000  lbs.  per  square  inch,  as  the  alloAvable  imit 
stress,  seems  a  good  and  logical  one. 

The  percentages  allowed  for  impact,  in  the  case  of  members  whose 
maximum  stress  is  attained  by  a  movement  of  less  than  80  ft.  in  the 
live  load,  are  unfortunately  arbitrary  rather  than  experimental.  More- 
over, in  counters  it  makes  some  difference  whether  these  percentages 
are  added  to  the  computed  stresses  or  to  the  live  load,  the  former  be- 
ing implied  in  the  first  sentence  of  the  third  paragraph  on  page  156, 
and  the  latter  in  the  statement  that  lis  to  be  applied  to  the  moving 
load. 

The  author  uses  the  column  formula  in  a  very  rational  manner,  the 
numerator  P  in  the  expression 

P 

being  regarded  as  the  true  measure  of  the  internal  stress  on  the  con- 
cave side  of  the  deflected  column.  The  sjieaker  has  urged  this  view 
for  many  years,  having  presented  it  in  the  first  edition  of  "  Mechanics 
of  Materials  "  in  1885.  The  value  of  q  properly  depends  upon  the  end 
conditions  of  the  column;  but,  as  the  author's  specifications  make  no 
distinctions  in  this  resi)ect,  tsVoD'  seems  a  fair  general  value,  particu- 
larly when  it  is  considered  that  —  is  never  very  large   in  chords  and 
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Mr.  Merriman.  end  posts.  In  a  steel  column  with,  fixed  ends  the  speaker  regards 
2iroTo  as  a  good  value  for  q,  while  in  a  column  with  one  end  fixed  and 
the  other  hinged  ttVoT)  seems  jDreferable. 

It  is  unfortunate,  perhaps,  that  in  discussing  a  paper  of  this  kind 
the  temptation  to  criticism  is  stronger  than  the  inclination  to  approve 
and  commend.  Hence,  the  speaker  desires  to  say  that  he  considers 
the  specifications  of  the  author  clear,  concise,  carefully  considered  and 
well  adapted  to  produce  bridge  structvires  of  good  workmanshii)  and 
of  ample  security. 
Mr.  Schneider.  C.  C.  SCHNEIDER,  M.  Am.  Soc.  0.  E. — While  reading  that  portion 
of  this  intex'esting  paper,  relating  to  the  Launhardt  formula,  the 
speaker  was  reminded  of  a  sentence  in  a  letter  by  the  late  Professor 
Winkler,  of  Berlin.  That  letter  is  dated  Jan.  19th,  1888,  more  than 
ten  years  ago,  and  in  it  he  says: 

"We  have  at  present  our  trouble  to  abolish  the  errors  which  were 
caused  by  the  abuse  of  Wohler's  experiments  in  determining  permissi- 
ble working  strains,  since  Bauschinger  has  jjroved  that  repeated 
strains  have  a  detrimental  influence  only  above  the  elastic  limit  and 
alternate  strains  up  to  near  the  elastic  limit." 

It  seems,  however,  that,  in  spite  of  Professor  Winkler's  efforts,  these 
errors  have  not  yet  been  eradicated.  The  experiments  selected  by 
the  author  do  not  appear  to  jirove  either  the  fatigue  of  metal  inside 
the  elastic  limit,  or  his  theory  that  a  live-load  strain  produces  twice 
the  effect  of  a  dead-load  strain. 

Wohler's  duration  experiments  were  made  for  the  purpose  of  deter- 
mining the  ultimate  strength  of  the  material,  under  repeated  strains 
in  one  as  well  as  in  alternate  directions.  Based  on  these  experiments, 
many  elaborate  theories  were  advanced  by  theorists  and  conveyed  into 
more  or  less  complex  mathematical  formulas,  to  be  used  for  determin- 
ing permissible  working  strains,  the  theorists  entirely  losing  sight  of 
the  fact  that  their  theories  were  based  on  results  above  the  elastic 
limit  to  be  used  for  conditions  within  the  elastic  limit,  as  they  exist 
in  actual  pi'actice. 

The  well-established  theory  of  the  elastic  line  is  based  on  strains 
below  the  elastic  limit,  /.  e.,  the  limit  within  which  the  elongation  is 
proportional  to  the  strain.  As  a  single  strain  above  the  elastic 
limit  produces  a  permanent  set  and  destroys  the  property  of  uniform 
elongation  in  the  metal,  the  effect  of  a  single  permanent  strain  is  not 
different  from  the  effects  of  repeated  strains,  as  the  single  strain 
has  practically  destroyed  the  usefulness  of  the  material  and  will  ulti- 
mately produce  rupture,  if  repeated  often  enough.  The  elastic  limit, 
therefore,  is  actually  the  ultimate  strength,  for  all  practical  purposes. 
Tests  of  material  for  rupture  should  be  used  only  for  the  jjurpose  of 
establishing  its  quality,  antl  not  for  deducing  laws  or  formulas  for 
working  strains  for  either  tension  or  compression  members. 

The  author  has  selected  three  of  Wohler's  experiments  on  wrought 
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iron  by  which  to  prove  his  theories.     The  first  one  api^ears  to  prove  Mr.  Schneider 
that  repeated  alternate  strains  of  equal  intensity  in  both  directions 
produce  twice  the  effect  of  repeated  strains  in  one  direction. 

The  second  experiment  proves  that  repeated  strains  of  one  kind, 
within  the  elastic  limit,  have  no  more  detrimental  efl'ect  upon  the 
metal  than  a  single  strain. 

The  third  experiment,  on  which  the  author  relies  particularly  to 
prove  that  a  live-load  produces  twice  the  effect  of  a  dead-load  strain, 
appears  to  be  of  no  value  for  the  purpose  of  deducing  a  law,  as  the 
maximum  strain  to  which  the  metal  was  subjected  was  47  080  lbs.  per 
square  inch  (very  nearly  the  ultimate  strength).  This  would  practic- 
ally destroy  the  material  on  the  first  application,  and  the  experiment 
was  continued  on  material  which  had  already  lost  its  property  of  uni- 
form elongation. 

The  author  does  not  consistently  follow  his  own  theories,  as  he 
considers  wind  strains  to  be  dead  strains,  which,  according  to  his  own 
definition,  they  are  not. 

Bauschinger's  very  carefully  conducted  and  reliable  experiments, 
with  metal  subjected  to  repeated  and  alternate  strains,  appear  to 
prove  that  the  difference  between  the  elastic  limit  for  alternate  strains 
of  equal  intensity  in  both  directions  and  repeated  strains  in  one  direc- 
tion is  far  less  than  was  generally  accepted  on  the  strength  of  the  few 
exisei'iments  made  by  Wohler. 

In  Table  No.  1  the  results  of  some  of  Bauschinger's  experiments  on 
the  resistance  of  various  kinds  of  metals  to  repeated  and  alternate 
strains  are  given.  Therein  may  be  found  the  ultimate  strength  or 
strains  which  produced  riipture  in  one  application,  the  strains  which 
resisted  an  infinite  number  of  repeated  applications  and  the  strains 
which  resisted  an  infinite  number  of  repeated  alternate  applications 
of  the  same  intensity  in  both  directions.  The  values  given  are  in 
pounds  per  square  inch,  and  are  approximate  only.* 


TABLE  No.   1. 


Ultimate 
strength. 

Repeated 
sti'alns. 

Alternate 
strains. 

1 .  Wrought  iron 

49  500 
(32  000 
57  GOO 
57  180 
87  050 
84  480 
57  600 
47  650 

28  450 
34  140 
31  290 
34  130 
42  670 
39  820 
34  130 
31  290 

25  170 

2.  Ingot  iron 

28  160 

3.  Material  not  specifled 

28  160 
32  140 

5.  Thomas  steel 

42  670 

6.  Rail  steel 

39  820 

7.  Boiler  plate,  ingot  iron . 

27  000 

8.  Material  not  specifled 

22  750 

*  Foppel's  Technische  Mechanik. 
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Mr.  Schneider.  These  experiments  indicate  that  alternate  strains  reduce  the  elastic 
limit  below  that  established  by  strains  in  one  direction,  and,  if  the 
working  strains  were  kept  within  that  lower  elastic  limit,  it  would  not 
be  necessary  to  consider  the  strains  in  the  opposite  direction,  and, 
therefore,  the  absolute  maximum  strain  could  be  used  in  determining 
the  section  of  a  member. 

All  the  results  of  exi:)3riments  appear  to  prove  conclusively  that 
within  the  elastic  limit  all  strains  have  the  same  effect;  the  internal 
strain  of  a  member  being  proportional  to  its  elongation  or  reduction. 
It  is  therefore  evident,  as  far  as  the  resistance  of  the  material  is  con- 
cerned within  the  elastic  limit,  that  it  makes  no  diflference  whether 
this  strain  is  produced  by  the  weight  of  the  structure,  the  static  effect 
of  a  superimposed  load,  or  the  dynamic  effect  of  a  moving  load. 

A  structure  is  safe  if  it  is  able  to  resist  the  exterior  forces  acting  upon 
it  for  an  infinite  period.  To  accomplish  this  all  members  of  the  struct- 
ure should  be  so  proijortioned  that  the  material  composing  them  will  be 
able  to  resist  permanently  the  strains  produced  by  the  exterior  forces. 

Now  the  question  arises  :  Wiiat  are  the  exterior  forces  acting  tipon 
a  railroad  bridge  ?     They  are  : 

1.  The  weight  of  the  structure. 

2.  The  static  efieet  of  the  moving  load. 

3.  The  dynamic  eifect  of  the  moving  load,  commonly  called  impact. 

4.  The  strains  produced  by  wind,  centrifugal  force  and  momentum 
of  train. 

As  exijeriments  have  shown  that  strains  in  the  members  of  a  bridge 
produced  by  a  fast-moving  train  are  greater  than  those  produced  by 
the  static  load  of  the  same  train,  it  is  necessary  to  recognize  the  fact 
that  the  strains  are  increased  by  the  dynamic  effect  or  impact  of  the 
moving  engine  and  train.  This  fact  has  also  been  recognized  by  engi- 
neers and  considered  in  specifications. 

Some  of  the  older  specifications  required  that  a  percentage  for  im- 
pact be  added  to  the  live-load  strains  for  stringers,  floor  beams  and 
hangers.  The  speaker  believes  that  Joseph  M.  Wilson,  M.  Am.  Soc. 
C.  E.,  was  the  first  one  in  the  United  States  who  considered  the  impact 
for  all  spans,  in  his  specifications,  published  in  1885.*  These  made  it 
dependent  upon  the  proportion  of  live  to  dead  load,  for  Avhich  purpose 
a  formula  is  given,  which,  though  similar  to  the  Launhardt  formiila  in 
form,  is,  however,  diflerent  in  the  results. 

Many  other  engineers  have  followed  Mr.  Wilson's  examjale. 

Theodore  Cooper,  M.  Am.  Soc.  C.  E.,  in  his  specifications  for  rail- 
road bridges  allows  for  live  load  only  half  the  permissible  working 
strain  he  does  for  dead  load,  which  is  jDractically  the  same  as  using  a 
uniform  working  strain  for  all  loads  and  adding  lOO/o  ^or  impact  to  all 
live-load  strains,  irrespective  of  the  length  of  the  span. 

*  Trmisactions,  Am.  Soc.  C.  E.,  Vol.  xv,  p.  390. 


DISCUSSION    ON    BRIDGE    SPECIFICATIONS.  175 

The  speaker  in  liis  practice  uses  a  uniform  working  strain,  and  in-  Mr.  Schneider, 
creases  tlie  live-load  strains  by  adding  a  percentage  for  imjiact  to  the 
strains  produced  by  the  static  effect  of  the  live  load,  making  the  effect 
of  impact  dependent  on  the  length  of  the  span. 

The  author  also  considers  the  dynamic  effect  of  the  moving  load, 
and  makes  provision  for  impact  in  spans  up  to  80  ft. 

If  imi^aet  is  considered  an  established  fact,  as  the  author  evidently 
does,  then  it  must  be  admitted  that  it  exists  in  all  spans. 

As  the  experiments  made,  up  to  the  present  time,  do  not  give  suffi- 
cient data  for  comijuting  the  dynamic  effects  of  the  live  load  with 
accuracy,  it  is  necessary  to  use  some  practical  judgment  in  this 
respect  and  to  allow  ample  margin  so  as  to  be  certainly  on  the  side  of 
safety. 

If  reference  is  made  to  the  sj^eaker's  specifications,  and  the  per- 
centages of  live  load  assumed  for  impact  are  compared  with  the 
experiments  made  by  Professor  Frankel,  S.  W.  Eobinson,  M.  Am. 
Soc.  C.  E. ;  J.  E.  Greiner,  M.  Am.  Soc.  C.  E. ;  F.  E.  Turneaure, 
Assoc.  Am.  Soc.  C.  E.,  and  others,  it  will  be  seen  that  such  per- 
centages are  far  in  excess  of  the  values  found  by  the  experiments. 
The  spea-ker  has  already  given  his  views  on  this  subject  in  the 
discussion  of  Mr.  Greiner's  paper  entitled,  "What  Is  the  Life  of  an 
Ii'on  Railroad  Bridge  ?  "*  and  his  reasons  for  adopting  the  imijact 
method. 

As  most  specifications  in  use  at  the  present  time  make  j^rovisions 
for  increased  strains  due  to  the  dynamic  effect  of  the  live  load  in  some 
way  or  other,  either  by  disguising  it  in  the  shape  of  a  formula,  or  by 
allowing  different  working  strains  for  dead  and  live  load,  the  speaker 
believes  it  woixld  be  more  rational  and  logical  to  consider  the  dynamic 
effect  of  the  live  load  separately,  and,  if  in  the  future  more  reliable  data 
for  computing  the  impact  should  be  obtained  the  numerical  values  of 
the  coefficients  could  be  changed,  which  would,  however,  in  no  way 
affect  the  principle  of  the  system. 

The  speaker  fully  agrees  with  the  author,  that  a  uniform  working 
strain  should  be  used  for  all  stresses,  that  strains  allowed  for  tension 
should  be  the  same  as  those  for  compression,  and  shearing  and  bear- 
ing strains  in  proportion;  or,  in  other  words,  one  square  inch  of 
section  should  rej? resent  a  certain  number  of  pounds  of  strain.  This 
seems  to  be  the  most  rational  method  which  will  insure  the  proper 
proportions  of  details  and  connections  in  relation  to  the  main 
members  of  a  structure.  The  speaker  has  used  this  method  in  his 
practice  for  the  last  twelve  years  and  has  found  it  to  work  vei'y  satis- 
factorily. 

The   author   specifies   a   working   strain  of  18  000  lbs.  per  square 
inch;  the  speaker  uses  in  his  practice  a  working  strain  of   half  the 
*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxiv,  p.  328. 
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Mr.  Schneider,  elastic  limit,  or  a  factor  of  safety  of  two.  This  would  give,  for  the 
steel  siDecified  by  the  author,  with  an  average  elastic  limit  of  about 
30  000  lbs.  per  square  inch,  a  working  strain  of  15  000  lbs.  per  square 
inch. 

The  method  proposed  in  the  author's  specifications  for  proportion- 
ing the  members  of  railroad  bridges,  may  appear  entirely  diiferent 
from  the  speaker's  practice,  the  author  multiplying  the  live  load  by 
two,  adding  an  additional  variable  percentage  of  impact  for  spans  up 
to  80  ft,,  and  using  a  working  strain  of  18  000  lbs.  per  sqiiare  inch, 
while  the  speaker  adds  a  variable  percentage  for  impact  to  the  live 
load  for  all  sjians,  using  a  working  strain  of  15  000  lbs.  per  square 
inch.  However,  if  the  results  are  compared,  only  small  differences 
will  be  found  in  the  main  members  of  the  bridges.  The  greatest  dif- 
ferences occur  in  the  lateral  systems.  The  assumed  wind  strains 
being  the  same  in  both  specifications,  the  difference  consists  in  the 
specified  working  strains.  The  author  allows  18  000  lbs.  per  square 
inch,  while  the  speaker  allows  only  15  000  lbs.  per  square  inch,  mak- 
ing his  lateral  bracing  20%  stronger  than  if  comj^uted  in  accordance 
with  the  author's  specifications. 

Table  No.  2,  computed  by  the  speaker,  gives  the  tensile  strains 
l^er  square  inch,  in  the  chords  for  different  lengths  of  spans,  jaro- 
duced  by  the  total  load,  calculated  in  accordance  with  both  speci- 
fications. 

TABLE  No.  2. 


Length  of  span  in  feet. 

Strain  per  Square  Inch  in  Pounds. 

Seaman. 

Schneider. 

10 

7  170 
9  120 
10  380 

10  870 

11  270 

11  640 

12  100 

7  850 

50 

8  660 

100 

9  680 

200 

10  760 

300 

11  540 

400 

12  150 

500 

12  680 

On  page  152  the  author  makes  the  following  statement,  to  which 
the  speaker  takes  exception: 

"The  author  is  not  aware  of  any  specification  which  has  made  this 
distinction  between  live  and  dead  strains  in  j^roportioning  details, 
except  those  which  adopt  the  Launhardt  formula  throughout. " 

There  were  sj^ecifications  in  existence  for  many  years  which 
covered  that  point.  In  1887  specifications  were  jjublished  by  the 
Pencoyd  Iron  Works  which  made  this  distinction  between  live  and 
dead-load  strains  in  i:)roportioning  details  without  the  use  of  the 
Launhardt  formula. 
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Referring  to  the  specifications  proper,  the  speaker  believes  that  if  Mr.  Schneidei-. 
bridge  work  were  done  in  accordance  with  these  specifications  first-class 
materia]  would  be  obtained,  but  only  average  designs  and  workman- 
ship. "While  the  speaker  agrees  with  the  author  in  a  general  way, 
and  is  pleased  to  notice  that  the  specifications  are  short  and  precise 
without  any  useless  requirements  which  would  only  increase  the  cost 
of  the  work  without  improving  its  quality,  they  do  not,  however, 
come  up  to  the  sjjeaker's  ideas  of  the  best  modern  practice  as  regards 
design  and  workmanshii). 

These  specifications  will  not  compel  the  manufacturer  to  make 
first-class  designs,  unless  he  is  led  to  do  so  on  his  own  account,  be- 
cause he  takes  jiride  in  his  work  and  has  ability,  exjjerience  and 
sufficient  judgment,  which  the  speaker  regrets  to  be  compelled  to 
admit  is  not  always  the  case.  The  same  remark  refers  also  to  work- 
manship. 

Under  "General  Provisions,"  the  author  says:  "  A  type  of  truss 
shall  be  used  in  which  the  strains  may  be  readily  calculated,  and 
which  subjects  no  member  to  alternate  strains. " 

This  clause  would  prohibit  a  class  of  structures  which  in  late 
years  has  given  much  satisfaction  to  engineers  who  have  had  charge 
of  the  maintenance  of  bridges,  viz.,  the  riveted-truss  and  lattice 
bridges.  There  are  some  riveted-lattice  bridges  in  existence  which 
were  built  over  twenty-five  years  ago  in  which  the  workmanship  is 
very  poor,  and  yet  they  are  doing  good  service  at  the  present  day; 
while  pin-connected  spans,  built  at  the  same  time  under  similar  con- 
ditions and  specifications,  have  been  replaced  by  new  structures  years 
ago.  If  experience  counts  for  anything,  the  riveted-lattice  bridge 
has  certainly  held  its  own;  in  fact,  modern  practice  requires  riveted 
bridges  for  spans  greater  than  those  for  which  plate  girders  are  con- 
sidered practicable,  and  up  to  those  where  pin-connected  spans  are 
advisable,  generally  between  100  and  130  ft.  The  speaker,  therefore, 
is  of  the  opinion  that  the  portion  of  this  clause  referring  to  alternate 
strains  should  be  omitted. 

The  author  specifies:  "  Stringers  and  deck-plate  girders  shall  not 
be  spaced  further  apart,  between  centers,  than  their  depth,  with  a 
minimum  limit  of  5  ft."  There  appears  to  be  no  good  reason  for 
specifying  that  limit,  excepting  that  it  was  formerly  the  practice  on 
the  Pennsylvania  Railroad.  It  was  abandoned  years  ago.  For  double- 
track  bridges  the  usiial  practice  is  to  space  the  stringers  6^  ft.  apart 
between  centers  (the  distance  between  centers  of  tracks  being  13  ft.), 
which,  in  the  speaker's  opinion,  should  be  the  minimum  distance 
between  centers  of  stringers  or  deck-plate  girders. 

Under  "  Loads  "  the  author  specifies  that  provision  shall  be  made 
for  the  sudden  starting  or  stopping  of  a  train,  estimating  the  co- 
efQcient  of  sliding  friction   at  15   per   cent.      The   almost  universal 
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Mr.  Schneider,  practice  is  to  use  a  coefficient  of  friction  of  20  per  cent.  As  in  some 
cases  the  train  may  be  brought  to  a  sudden  stop  by  reversing  the 
engine  and  ajiplying  sand  to  the  rails  in  addition  to  using  the  brakes, 
in  which  case  the  coefficient  of  friction  would  be  over  30%,  the  writer 
would  recommend  adherence  to  the  usual  practice. 

In  the  formula  for  compression  members  the  author  uses  a  coeffi- 
cient of  18  000  in  the  denominator.  The  speaker  would  suggest  10  000 
instead,  so  as  not  to  encourage  long,  slender  compression  members, 
and  for  the  same  reason  would  recommend  the  following  additional 
clause : 

"  No  compression  member  shall  have  a  length  exceeding  100  times 
its  least  radius  of  gyration,  excepting  those  for  wind  bracing,  which 
may  have  a  length  not  exceeding  120  times  the  least  radius  of  gyra- 
tion." 

The  speaker  would  also  recommend  that  the  least  width  of  posts  in 
pin-connected  bridges  be  limited  to  12  ins. ,  in  order  to  offer  some  re- 
sistance in  case  of  a  derailment.  The  formula  for  members  subject  to 
alternate  strains  is  somewhat  confusing,  as  in  this  formula  p  de- 
notes the  direct  compression  in  the  member,  while  in  the  formula  for 
members  subject  to  compression  only,  ^  denotes  the  allowable  strain 
per  square  inch.  Instead  of  using  a  com^^lex  formula,  practically  the 
same  results  would  be  obtained  by  substituting  the  following  clause: 

"  Members  subject  to  alternate  strains  of  tension  and  compression 
shall  be  so  proportioned  that  the  total  sectional  area  is  equal  to  the 
spm  of  the  areas  required  for  each  strain." 

The  author  limits  the  working  strain  on  rivets  in  tension  to  one- 
half  the  limit  allowed  for  direct  shear.  As  the  author  specifies  steel 
for  rivets,  and  as  recent  exijeriments  have  shown  that  steel  rivets  in 
tension  give  just  the  same  results  as  round  bars  of  the  same  diameter, 
invariably  breaking  in  the  shank,  there  appears  to  be  no  good  reason  for 
such  a  low  limiting  strain.  The  speaker  would  suggest  that  the  allow- 
able tensile  strain  on  rivets  be  made  the  same  as  that  lor  direct  shear. 

The  author  has  omitted  to  specify  the  working  strain  allowed  for 
bending  on  pins,  which,  in  accordance  with  good  jiractice,  may  be  the 
same  as  that  for  bearing. 

The  author  specifies  that  exjiansion  rollers  and  bed  plates  should 
be  proportioned  for  the  total  load.  If  the  effect  of  the  live  load  is 
different  from  that  of  the  dead  load,  why  should  this  not  ajiply  also 
to  rollers  and  bed  plates  ? 

Under  "  Details  of  Design  "  the  author  siaecifies  that:  "  Each  main 
panel  of  deck-bridges  shall  be  provided  with  intermediate  sway-bracing 
rods. "     Modern  practice  requires  stiff  bracing. 

Referring  to  trestle  towers,  the  author  says:  "The  struts  shall  be 
proportioned  to  withstand  their  component  of  strain."  This  evidently 
refers  to  trestle  towers  with  adjustable  rods.  The  speaker  is  not 
aware  of  any  first-class  railroad  which  would  accept  trestle  towers  with 
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adjustable  rods  at  the  present  time.     Tliis  should,  therefore,  be  con-  Mr.  Schneider, 
sidered  antiquated  construction  and  not  in  accordance  with  the  best 
modern  practice. 

The  author  specifies:  "Girders  formed  of  web  plates  and  angles 
alone,  having  no  upper  flange  plate  proper,  will  not  be  allowed." 

There  appears  to  be  no  good  reason  why  girders  without  an  uj^per 
flange  plate  should  not  be  allowed,  as  all  theoretical  and  practical  con- 
siderations point  the  other  way,  excejjting  that  it  was  once  the  practice 
on  the  Pennsylvania  Railroad.  This  restriction  has  been  abandoned 
by  this  railroad  as  well  as  by  most  other  railroads  which  followed  that 
practice,  as  being  a  nuisance  to  the  Maintenance  of  Way  Department. 
The  general  tendency  of  modern  practice  seems  to  be  to  allow  no  upper 
flange  plates  on  girders  which  carry  ties  on  the  upper  flange,  as  far  as 
this  is  practicable. 

The  speaker  thinks  the  following  clause  should  be  omitted: 
"  Flanges  of  plate  girders  over  12  ins.  in  width  shall  have  at  least  four 
rows  of  rivets,  and  those  over  16ins.  in  width  at  least  six  rows  of  rivets," 
as  in  his  experience  he  has  had  occasion  to  observe  that  this  very  clause, 
being  put  in  the  specifications  as  a  cast-iron  rule  without  qualification, 
has  produced  in  some  instances  very  ridiculous  results. 

In  accordance  with  the  author's  rule  for  proportioning  plate  gird- 
ers, a  girder  24  ins.  deep  with  a  web  plate  ^  in.  thick  would  require 
stifi'eners  every  2  ft.  In  the  speaker's  opinion  the  intermediate  stiff'en- 
ers  in  a  girder  of  such  proportions  might  be  dispensed  with. 

The  author's  rule  for  determining  the  length  of  tie-plates  at  the 
ends  of  compression  members,  Avhose  segments  are  connected  by  lat- 
ticing, seems  to  be  made  to  accommodate  the  poorest  workmanship, 
as  even  moderately  good  Avorkmanship  (as  long  as  the  pin  is  bored  at 
right  angles  to  the  center  line  of  the  member)  will  distribute  the 
pressure  over  both  segments.  Strict  conformity  to  this  rule,  which 
is  also  found  in  some  other  specifications,  has  produced  in  some  cases 
very  anomalous  results.  The  speaker  is  of  the  opinion  that  if  the  end 
tie-plates  are  made  as  long  as  the  width  of  the  member,  it  will  be 
sufficient  for  all  cases. 

The  author  specifies  that:  "  All  bridges  over  65  ft.  long  shall  be  pro- 
vided at  one  end  with  tiirned  friction  rollers,  not  less  than.  2.^  ins.  in 
diameter." 

The  speaker  would  suggest  that  for  plate  girders  of  ordinary 
length,  that  is,  ujj  to  80  ft.,  the  expansion  end  should  slide  on  planed 
surfaces;  and,  if  friction  rollers  are  used  for  j^late  girders,  the  ends 
should  be  supported  on  pin  shoes  in  order  to  distribute  the  pressure 
over  the  rollers  so  as  to  make  them  effective.  He  would  also  limit  the 
size  of  rollers  to  3  ins.  in  diameter. 

While  the  speaker  is  of  the  opinion  that  specifications  should  not 
restrict  the  designer  in  using  his  judgment  in  the  selection  of  details, 


180  DISCUSSION    ON    BRIDGE    SPECIFICATIONS. 

Mr.  Schneider,  he  believes,  however,  that  they  should  confine  him  to  good  practice 
and  substantial  designs,  but  jirohibit  gimcrack  construction.  The 
speaker  refers  more  particularly  to  those  antiquated  details,  which 
were  in  vogue  when  bridge  building  in  the  United  States  was  in  its  in- 
fancy, such  as  loop  rods  with  bent  eyes,  wing  plates,  U-nuts,  stirrups, 
loose  hangers  and  other  unsubstantial  and  complicated  contrivances. 
The  speaker  is  constrained  to  admit  that  this  kind  of  flimsy  con- 
struction is  practiced  by  a  few  engineei-s,  even  at  the  present  day,  thus 
showing  the  necessity  for  prohibitory  clauses  in  specifications.  The 
few  who  still  cling  to  the  old  practice  are  either  those  who  copy  their 
designs  from  books,  or  those  who  have  for  years  been  making  routine 
designs  for  a  bridge  shop,  and  have  therefore  become  so  acciistomed 
to  work  in  the  same  rut  in  which  they  commenced  years  ago,  that  they 
are  loath  to  depart  from  their  old  ways. 

The  following  clauses  inserted  in  the  specifications  would  prevent 
this  kind  of  construction: 

"  Adjustable  members  in  any  parts  of  structures  shall  preferably 
be  avoided. 

"  All  lateral  and  sway  bracing  shall  be  made  of  shapes  which  can 
resist  tension  as  well  as  compression. 

"All  floor  beams  in  through-bridges  shall  be  riveted  between  the 
posts,  above  or  below  the  pin." 

The  ideal  modern  structure  has  few  or  no  adjustable  members,  and 
when  once  erected  needs  little  attention  excepting  such  as  is  neces- 
sary to  protect  the  metal  from  corrosion. 

Another  practice  which  is  not  consistent  with  good  design,  and 
which  is  still  jjersistently  adhered  to  by  a  few  designers,  is  the  lop- 
sided construction,  which  the  author's  specifications  do  not  seem  to 
exclude.  By  lop-sided  construction  the  sj^eaker  refers  to  members  of 
pin-connected  trusses  with  iinsymmetrical  sections,  viz.,  sections  in 
which  the  neutral  axis  is  not  in  the  center  line  of  the  member. 
Placing  the  pin  in  the  neutral  axis  of  an  unsymmetrical  section  by  no 
means  distributes  the  strain  uniformly  over  the  entire  section,  but 
produces  bending  strains  in  addition  to  the  direct  com.pression.  It  is 
also  iinsightly  and  unconstructive.  In  order  to  prohibit  this  con- 
struction, the  speaker  would  suggest  the  following  clause: 

"All  main  members  in  pin-connected  trusses  should  have  sym- 
metrical sections,  and  the  jiins  should  be  j^laced  in  the  line  of  the 
neutral  axis." 

Most  modern  specifications  prohibit  the  use  of  cast  iron,  and 
where  it  is  necessary  to  use  castings,  cast  steel  has  taken  its  place. 
The  siDCcitications  for  the  quality  of  matei'ial  should  therefore  include 
cast  steel,  which  is  not  mentioned  by  the  author.  Under  "  Workman- 
ship," the  author  si^ecifies:  "  All  workmanship  shall  be  first  class," 
but  omits  some  particulars  which  are  essential  to  first-class  workman- 
ship.    The  specifications  say:  "  Where  the  work  is  to  be  field-riveted, 
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the  parts  shall  be  assembled  before  leaving  the  shops,  and  the  holes  Mr.  Schneider, 
reamed  to  match."  This  is  practicable  in  only  a  few  cases.  The 
majority  of  field  holes  are  in  the  connections  of  the  floor  system.  The 
assembling  and  reaming  of  these  holes  in  the  shop  is  not  only  imprac- 
ticable, but  it  is  bad  practice.  As  all  members  which  are  alike  should 
be  interchangeable,  the  field  connection  holes  between  floor  beams 
and  stringers  and  between  floor  beams  and  posts  should  be  drilled  or 
reamed  to  iron  templates. 

The  author  sijecifies  that:  "  All  abutting  siirfaces,  except  flanges  of 
plate  girders,  shall  be  neatly  planed  or  turned,"  etc.  "Why  except 
flanges  of  plate  girders  ?  The  speaker  is  of  the  opinion  that  abutting 
surfaces  in  flanges  of  plate  girders  should  be  planed  in  order  to  make 
a  good  fit  and  give  the  work  a  neat  and  fiuisbed  appearance,  more  par- 
ticularly as  this  is  the  usual  practice  in  first-class  bridge  shops. 
First-class  workmanship  requires  also  the  ends  of  floor  beams  and 
stringers  to  be  faced. 

The  author  limits  the  play  between  pin  and  pin  hole  to  ,jij  in.,  but 
when  bolts  are  used  instead  of  pins  a  variation  of  -ns  in.  is  allowed. 
Why  this  distinction  ?  If  a  bolt  is  used  in  place  of  a  j)in,  it  should 
have  the  same  fit;  and,  if  it  is  used  in  place  of  a  rivet,  it  should  be 
turned  to  a  driving  fit. 

The  speaker  would  sviggest  the  following  additional  clauses  under 
the  heading  of  workmanship: 

"  All  holes  for  field  rivets,  excepting  those  in  connections  of  lateral 
and  sway  bracing,  shall  be  acciirately  drilled  to  an  iron  template,  or 
reamed  while  the  connecting  parts  are  temi^orarily  put  together. 

"  The  ends  of  floor  girders  shall  be  faced  true  and  square. 

"All  eye-bars  or  pieces  which  have  been  partly  heated  shall  be 
annealed." 

George  S.  Morison,  Past- President,  Am.  Soc.  C.  E. — The  speaker  Mr.  Moriscn. 
believes  the  general  practice  which  has  been  recommended  in  this 
paper,  that  the  live  load  shall  be  computed  as  having  twice  the  eff'ect 
of  the  dead  load,  is  one  which  has  been  generally  recognized  as  good, 
for  a  considerable  time.  It  is  the  one  which  he  has  followed.  But 
whether  it  should  be  applied  to  all  classes  of  strain  seems  exceedingly 
doubtful.  All  the  formulas  and  all  the  experiments  which  lead  to 
any  such  conclusions  are  based  on  the  rupture  of  the  metal;  that  is, 
they  are  based  on  the  final  destruction  of  the  metal  by  tension.  Now, 
supposing  a  member  never  receives  anything  but  compression,  it  cer- 
tainly, under  that  condition,  is  never  going  to  break  by  tension.  And 
yet  every  compression  member  that  anyone  h/is  ever  seen  tested  to 
rupture  has  broken  by  tension.  This  means  that  when  a  long  com- 
jjression  member  breaks,  it  is  enduring  strains  which  are  very  different 
from  the  strains  to  which  it  ought  to  be  subjected  when  in  actual 
work.  If  the  strains  in  a  compression  member  are  kejit  down  to  such 
a  limit  that  nothing  but  compression  exists  in  that  member,  under  the 
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Mr.  Morison.  working  strains,  there  may  be  no  reason  for  making  any  difference  in 
the  limit  of  strain  allowed  for  dead  and  for  live  loads.  There  are  two 
ways  in  which  tension  appears  in  a  compression  member.  One  is  by 
the  member  being  so  long  that,  throiigh  various  irregularities,  it  is 
deflected  out  of  shape.  The  other  is  by  the  application  of  the  strain 
outside  of  the  axis  of  that  member.  Both  of  these  conditions  should 
be  avoided  in  a  well-designed  bridge.  It  is  possible  to  determine,  by 
a  careful  examination  with  micrometers,  whether  the  members  of  a 
bridge  are  straight;  nothing  but  compression  can  exist  in  compression 
members  so  long  as  the  members  are  found  to  be  straight.  In  a  well- 
designed  structure,  if  the  length  of  the  jDOsts  is  limited  to  thirty  times 
the  least  transverse  dimension,  the  chance  of  getting  tension  in  the 
posts,  under  any  working  strains,  is  so  small  that  there  is  no  reason 
for  making  any  difference  in  the  strain  permitted  for  dead  and  for  live 
load.  It  has  been  the  speaker's  practice  for  a  good  many  years  to 
take  particular  pains  to  make  the  compression  members  balanced  sec- 
tions. In  the  vertical  posts  of  an  articulated  pin-connected  truss  this 
can  always  be  done.  In  posts  there  is  danger  of  tension  arising  under 
various  disturbing  causes,  esjjecially  as  posts  are  liable,  in  case  of 
derailment,  or  otherwise,  to  side  blows.  In  the  chords  of  an  articu- 
lated truss  it  is  also  possible  to  balance  the  section  so  as  to  have 
practically  the  same  resistance  above  and  below  the  center  line.  The 
chords  of  a  bridge  are  not  liable  to  blows,  and  the  length  of  chord 
sections  can  be  kept  down  to  something  like  fifteen  times  the  least 
transverse  dimension.  These  are  i^oints  on  which  there  is  a  great  deal 
to  be  said,  but  it  has  been  the  speaker's  practice  for  years,  though 
making  exactly  the  relative  allowance  that  the  writer  does  for  the 
difference  between  dead  and  live  load  in  tension,  to  allow  a  uniform 
strain  in  compression;  but  while  doing  so  he  makes  rigid  rules,  on  the 
lines  which  have  just  been  referred  to,  in  limiting  the  length  of  com- 
jaressiou  members. 

The  next  matter  is  the  load  specified.  This  paper  follows  the  usual 
practice  of  providing  two  locomotives  followed  by  a  certain  train-load. 
Curious  results  have  sometimes  occurred  in  specifications  drawn  on 
this  basis.  A  specification  was  sent  out  by  a  prominent  western  road 
some  years  ago  in  which  a  locomotive  was  carefully  given,  with  length 
between  wheels,  and  weights,  followed  by  a  certain  train-load,  and  the 
train-load  was  several  hundred  pounds  per  lineal  loot  more  than  the 
locomotive  averaged.  The  fact  m.ust  be  faced  that  there  are  likely  to 
be  very  great  changes  in  motive  power  at  any  time.  There  have  been 
such  changes.  There  will  continue  to  be  such  changes.  It  is  not  at 
all  improbable  that  in  many  localities  trains  will  be  ojjerated  by  elec- 
tric power,  and  trains  will  be  practically  of  uniform  weight  thi'oughout, 
with  concentrated  weights  on  wheel  bases  at  various  points  in  the 
,  train.     In  this  connection  the  speaker  will  jjresent,  from  a  paj^er  pre- 
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pared  for  his  own  private  use,  the  conclusions  which  he  drew  some  Mr.  Morison. 
years  ago  as  to  the  proper  basis  for  live  loads;  this  being  intended  not 
as  a  basis  adapted  to  any  rolling  stock  actvially  in  existence,  but  to  the 
probabilities  which  must  be  faced,  these  conclusions  being: 

"  First. — It  is  inexpedient  to  pi'oportion  structures  for  any  specific 
form  of  locomotive,  as  all  such  forms  are  liable  to  rapid  change. 

"  Second. — The  present  indications  are  that  the  train-load  per  foot 
is  likely  to  be  as  heavy  as  the  locomotive  load  per  foot,  though  on  a 
maximum  train-load  the  distribution  is  uniform;  whereas,  it  is  not  so 
with  a  locomotive. 

"  Third.— The  load  on  the  driving  wheel  base  of  a  locomotive  is 
liable  to  be  twice  as  much  per  lineal  foot  as  the  train-load  or  the 
average  weight  of  the  locomotive  per  lineal  foot. 

"Fourth. — The  driving  wheel  base  of  a  locomotive  may  be  taken  as 
equivalent  to  20  ft.,  a  uniform  load  extending  over  20  ft.  being  equiva- 
lent to  an  equal  aggregate  load  concentrated  on  three  driving  wheel 
axles  6  ft.  8  ins.,  between  centers,  or  on  four  driving  wheel  axles  5  ft. 
between  centers,  or  on  five  driving  wheel  axles  4  ft.  between  centers. 

"  Fifth. — On  fast  passenger  locomotives  extreme  weights  are  liable 
to  be  concentrated  on  a  single  pair  of  driving  wheels,  these  weights 
being  increased  by  an  injudicious  system  of  counter-balancing;  to 
meet  this  condition  one-half  the  entire  driving  wheel  load  should  be 
considered  as  concentrated  on  a  single  axle. 

"  Si.rth. — The  usual  length  of  the  heaviest  class  of  locomotives,  as 
coupled  up  in  the  train,  is  about  60  ft. 

'■'Seventh. — The  loads  may  be  considered  as  practically  uniform 
for  all  lengths  exceeding  the  length  of  two  locomotives  (120  ft.);  for 
lesser  lengths  there  should  be  a  provision  made  for  an  increased  load 
corresponding  to  irregular  loads  and  such  local  disturbances  as  are 
caused  by  flat  wheels  and  other  imperfections. 

"  Eighth. — Provision  should  be  made  for  the  rapidity  with  which 
strains  are  piat  on  the  web  members,  this  provision  increasing  from 
the  ends  toward  the  center  on  a  basis  which  provides  an  excessive 
load  for  those  portions  of  the  strains  which  are  greater  when  the 
bridge  is  j^ai'tially  loaded  than  when  fully  loaded. 

"  Ninth. — It  is  expedient  to  adopt  different  classes  of  weights  or 
loads  for  striictures  which  carry  different  classes  of  traffic,  but  in  the 
interest  of  simplicity  and  uniformity  it  is  advisable  to  observe  the 
same  rates  of  variation  between  train-load,  wheel-base  load,  etc." 

The  speaker  has  followed  this  practice  for  years,  and  it  has  given 
very  satisfactory  results,  and  wherever  he  has  had  occasion  to  compare 
it  with  some  special  loading  which  has  come  out,  he  has  been  surprised 
to  see  how  closely  it  has  agreedwith  that  load.  A  prominent  instance 
was  the  case  of  the  special  trucks  on  which  the  Krupp  gun  was  taken 
to  Chicago  during  the  World's  Fair. 

The  next  point  to  which  he  would  refer  is  the  design  of  plate  gird- 
ers; and  he  thinks  that  the  specifications  call  for  a  class  of  work 
which  is  not  the  best.  The  nearer  a  plate  girder  can  be  made  to  an 
absolutely  solid  piece  of  metal  of  its  dimensions,  the  more  perfect  it 
is.  The  fewer  pieces  a  plate  girder  can  be  made  of,  the  more  nearly 
it  will  ai^proach  this  condition.  A  plate  girder  made  simply  of  a  web 
plate  and  four  angles  is  to  be  preferred  to  one  with  cover  j)lates  above 
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Mr.  Morison.  and  below.  There  are  advantages  in  cover  plates,  but  every  particle  of 
strain  that  goes  into  a  cover  plate  must  be  transferred  from  the  web 
through  two  sets  of  rivets  instead  of  one.  In  the  case  of  plate  gird- 
ers, like  some  of  the  older  ones  and  like  some  that  unfortunately  are 
still  made,  in  which  a  large  number  of  cover  plates  are  piled  up  on  the 
two  flanges,  top  and  bottom,  the  strains  in  the  outer  of  which  plates 
must  be  transferred  by  rivets  of  a  length  several  times  their  diameter, 
there  are  serious  doubts  whether  these  outer  plates  really  do  much 
work.  According  to  the  theory  on  which  plate  girders  are  propor- 
tioned, the  farther  the  metal  is  from  the  neutral  axis,  the  greater  the 
amount  of  work  it  does.  But  when  the  work  can  only  be  performed 
through  strains  transmitted  by  long,  slender  rivets,  which  rivets  can 
bend,  no  matter  how  perfect  the  work  is,  the  speaker  believes  that  the 
amount  of  work  done  by  the  cover  plates,  instead  of  increasing  with 
the  distance  from  the  neutral  axis,  decreases  with  that  distance. 
Everything  which  encourages  the  use  of  thick  webs  in  jjlate  girders  and 
a  small  number  of  parts  in  the  flanges  is  to  be  approved.  The  speaker, 
therefore,  always  proportions  plate  girders  by  the  moment  of  inertia, 
taking  into  consideration  the  whole  of  the  web  to  resist  the  bending 
strains;  of  course,  this  means  the  whole  of  the  web  as  it  contributes 
toward  the  moment  of  inertia.  Eliminating  the  web  encourages  the 
use  of  thin  webs,  and  there  are  many  objections  to  thin  webs.  A  thin 
web  gets  out  of  shape.  It  deteriorates  more  rapidly  if  it  rusts.  It  is 
much  more  easily  injured  in  case  of  any  kind  of  accident. 

Another  feature  in  the  speciflcation  for  plate  girders  which  seems 
to  require  some  change  is  the  matter  of  stiffeners.  The  speaker  does  not 
believe  that  it  is  right  to  consider  a  plate  girder  as  an  articulated  struct- 
ure. The  web  must  be  treated  in  the  same  way  as  the  web  of  an  I- 
beam.  It  is  a  continuous  web,  and  the  only  function  of  the  stiffeners 
is  to  act  as  stiffeners  to  prevent  the  web  from  buckling.  There  is  na 
established  good  rule  for  determining  the  position  of  stiffeners;  but 
the  deej^er  the  girder  is,  the  closer  the  stiffeners  should  be  together, 
if  they  are  to  act  solely  as  stiffeners.  The  following  rule  is  suggested, 
which  is  slightly  varied  from  the  one  the  speaker  has  usually  fol- 
lowed: Where  the  depth  of  the  girder  exceeds  50  times  the  thickness 
of  the  web-plate,  vertical  stiffeners  shall  be  used.  The  stiffeners  shall 
be  spaced  at  such  distances  that  the  product  of  the  distance  between 
the  stiffeners  by  the  depth  of  the  girder  shall  not  be  more  than  10  000' 
times  the  thickness  of  the  web.  That  is,  if  the  depth  of  the  girder  was 
100  times  the  thickness  of  the  jalate,  the  difierence  between  the  stiffen- 
ers would  be  the  same  as  the  depth  of  the  girder. 

There  is  one  other  point.  This  specification  contains  the  old  pro- 
vision that  the  rollers  shall  be  jjroportioned  according  to  the  square 
root  of  their  diameters.  This  is  entirely  wrong.  Furthermore,  any 
provision  like  the  one  contained  in  these  sjiecifications  that  the  rollers 
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shall  be  so  enclosed  as  to  exclude  dust  is  simply  shutting  in  what  you  Mr.  Morison. 
do  not  see.  Some  years  ago  the  speaker  took  great  pains  with  a  roller 
bearing  ;  it  had  a  planed  steel  plate  at  top  and  bottom,  and  the  ends 
of  the  rollers  were  enclosed  by  rubber  gaskets  under  brass  plates.  It 
looked  all  right.  When  it  was  examined  the  rubber  gaskets  had  served 
admirably  to  keeji  the  dust  in.  Thei-e  is  no  way  of  excluding  dvist 
which  does  any  good.  The  only  satisfactory  method  is  to  make  a  con- 
struction m  which  the  dust  will  blow  out  a  little  more  easily  than  it 
will  blow  in  ;  and  this  can  be  accomijlished  by  jilacing  the  rollers  on 
an  open  bed,  made,  as  the  speaker  prefers,  of  rails  placed  about  h  in. 
apart  and  planed,  in  which  there  is  free  chance  for  the  wind  to  blow 
in  all  directions,  and  in  which,  when  the  dust  blows  through  the 
cracks,  it  falls  into  a  space  a  good  deal  bigger  than  the  crack,  from 
which  the  wind  will  clear  it  out  entirely.  The  sj)eaker  has  never  had 
any  trouble  with  dust  collecting  around  rollers  since  he  has  used  this 
detail. 

But  to  speak  of  the  j^ressure  on  rollers,  he  thinks  that  the  correct 
conclusion  is  briefly  stated  in  these  words,  which  were  written  five 
years  ago  : 

"  The  American  practice  has  generally  been  to  make  the  permissi- 
ble weight  per  lineal  inch  of  the  roller  projjortional  to  the  square  root 
of  the  diameter  of  the  roller.  A  common  provision  in  specifications 
limits  the  weight  in  pounds  to  500  ^Z  d,  d  being  the  diameter  of  the 
roller.  This  rule  is  based  on  the  theory  that  there  is  a  permissible 
limit  of  indentation,  which  the  roller  may  be  allowed  to  make  in  the 
rolling  surface,  which  permissible  indentation  is  supposed  not  to  ex- 
ceed the  elastic  limit.  If  the  versed  sine  of  the  indentation  is  con- 
stant, the  chord  of  the  same  indentation  will  vary  as  the  square  root 
of  the  radius  of  the  circle  ;  and  as  the  permissible  weight  is  supposed 
to  be  a  constant  of  the  chord  of  indentation,  which  chord  varies  as  the 
square  root  of  the  radius  or  diameter,  the  strain  is  determined  accord- 
ingly. 

"  While  mathematically  correct,  this  rule  seems  to  me  based  on  an 
incorrect  conception  of  the  function  of  rollers.  There  is  no  special 
reason  why  the  strains,  either  on  the  surface  of  the  rollers  or  on  the 
bearing  sui'face,  should  be  kept  within  the  elastic  limit;  on  the  other 
hand,  it  would  be  better  to  have  them  exceed  the  elastic  limit,  if  the 
result  of  such  excess  was  to  reduce  the  surfaces,  both  of  the  rollers  and 
the  beai'iug  plates,  to  the  condition  of  the  surface  of  cold-rolled  iron. 
The  only  necessary  limit  is  that  the  elastic  limit  must  not  be  so 
greatly  exceeded  that  the  metal  under  the  surface  will  flow,  and  the 
roller  become  permanently  deformed,  as  has  occurred  in  conical  roller 
bearings  under  turn-table  centers. 

"On  the  other  hand,  the  same  absolute  indentation  which  would 
lock  a  small  roller  so  that  it  would  lie  stationary  in  a  groove  might 
do  little  harm  to  a  lai-ge  roller.  If  we  assume  the  roller  to  be  set  in  a 
groove,  we  have  forces  applied  on  a  bent  lever  tending  to  lift  that 
roller  out  of  the  groove,  the  vertical  arm  of  the  bent  lever  being  the 
radius  of  the  roller,  and  the  horizontal  arm  half  the  width  of  the 
groove.  So  long  as  the  width  and  depth  of  the  groove  are  kept  pro- 
portionate to  the  radius  or  diameter  of  the  roller,  the  force  required 
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Mr.  Morison.  to  roll  the  roller  out  of  the  groove  will  be  constant.  In  other  words, 
the  formula  which  will  maintain  for  all  sizes  of  rollers  a  constant  free- 
dom of  motion  would  make  the  strains  on  those  rollers  proportional 
to  their  diameters. 

"In  Germany  this  rule  has  been  followed,  and  while  there  has 
been  a  considerable  variation  in  the  unit  strain  allowed,  the  fact  has 
been  accepted  that  the  weight  placed  on  a  roller  should  vary  directly 
as  the  diameter  of  the  roller. 

"■  The  American  rule  is  not  only  incorrect  in  principle,  but  vicious 
in  its  results.  It  encourages  small  instead  of  large  rollers,  a  12-in. 
roller,  for  example,  being  allowed  to  carry  only  twice  the  weight  that 
would  be  put  on  a  3-in.  roller,  so  that  the  smaller  the  diameter  of  the 
rollers,  the  greater  the  weight  which  woiild  be  i_)ermitted  on  the  same 
area  of  bearing  surface. 

"In  proportioning  expansion  rollers,  I  have  adopted  a  somewhat 
arbitrary  basis,  accepting  500  "v/f/ as  correct  for  a  4-in.  roller,  thus 
making  the  weight  permissible  per  lineal  inch  1  000  lbs.  for  a  roller  4 
ins.  in  diameter.  Instead  of  varying  the  weight  with  the  square  root, 
I  vary  it  with  the  diameter  ;  this  makes  the  permissible  weight  250 
lbs.  per  lineal  inch  on  a  1-in.  roller,  and  3  000  lbs.  per  lineal  inch  on  a 
12-in.  roller." 


A 
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CORRESPONDENCE. 


J.  B.  Johnson,  M.  Am.  See.  C.  E. — The  writer  quite  agrees  witlithe  Mr.  Johnson. 
author  in  interjjreting  all  fatigue  exijeriments  as  indicating  that  live 
loads  require  twice  as  great  a  factor  of  safety  as  dead  loads.     Indeed, 
in  his   "Materials  of  Construction"  (1897),  the  writer  undertook  to 
show  (Chap.  XXVII),  that  the  formula, 

a 
^  Min.    stress. 

2  Max.  stress, 
was  a  triie  interpretation  of  Wohler's  results,  where  p  =  working  maxi- 
mum stress  for  combined  loads,  and  a  =  working  stress  for  live  loads. 

It  is  there  shown,  also,  that  this  formula  applies  equally  for  stresses 
of  the  same  and  of  opposite  signs,  and,  furthermore,  that  it  is  neither 
more  nor  less  than  the  old  rule  of  twice  as  great  a  factor  of  safety  for 
live  as  for  dead  loads.  As  this  last  is  the  burden  of  the  paper,  the 
writer  can  but  agree  with  the  author.  The  above  formula  replaces 
both  the  Launhardt  and  the  Weyrauch  formulas,  as  well  as  those 
which  have  long  been  in  use  by  the  Pennsylvania  Kailroad  Company 
and  others.  The  argument  in  its  favor  and  the  explanation  of  its  deri- 
vation are  given  in  full  in  the  work  cited,  and  they  will  not  be  re- 
peated here,  the  significant  thing  being  that  the  so-called  "new 
method  of  dimensioning"  is,  when  proj^erly  understood,  simply  the 
old  rule  long  used  by  engineers,  and  given  by  Eankine,  to  use  twice  as 
great  a  working  stress  for  dead  loads  as  for  live  loads.  When  this  is 
understood  clearly  a  formula  is  hardly  necessary,  and  the  whole  theory 
of  a  proper  interjsretation  of  fatigue  experiments  loses  its  iterest. 

In  the  chapter  cited  a  new  theory  as  to  the  real  character  of  the  so- 
called  "  fatigue  "  is  also  advanced.  It  is  the  opinion  of  the  writer  that 
this  should  really  be  called  the  "  gradual  fracture  of  metals,"  instead 
of  "fatigue  of  metals,"  since  the  metal  away  from  the  plane  of  riapture 
never  seems  to  have  been  changed  or  injured  in  any  way.  His  theory 
is  that  some  one  or  more  of  the  many  small  faults  in  the  metal,  some- 
times called  "micro-flaws,"  are  the  starting  points  for  cracks,  which 
gradually  extend  under  the  repeated  elastic  deformations  until  com- 
l^lete  rupture  occurs.  If  this  is  the  case,  it  should  not  be  expected 
that  any  great  uniformity  of  results  would  be  obtained  on  diflferent 
specimens  cut  from  the  same  bar,  and  this  is  found  to  be  the  case. 

It  is  true  that  proper  working  stresses  would  never  start  the  exten- 
sion of  these  micro-flaws  for  any  number  of  repetitions,  but  if  the 
danger  line  can  be  fairly  established,  then  engineers  should  keep  well 
within  it  by  the  use  of  a  suitable  factor  of  safety;  and  certainly  this 
danger  line  is  very  much  lower  for  repeated  or  for  reversed  loads  than 
for  static  loads.     In  fact,  under  static  loads,  these  flaws  would  proba- 


388  CORRESPONDENCE    ON    BRIDGE    SPECIFICATIONS. 

Mr.  Johnson,  bly  never  gradually  extend  under  any  load,  however  great.  The  dif- 
ference between  live  and  dead  loads  is,  therefore,  a  vital  one,  however 
the  theory  of  failure  is  regarded,  and  this  distinction  should  certainly 
be  introduced  into  the  proportioning  of  all  metal  structures  in  some 
rational  manner.  Ajoparently  no  better  rule  can  be  found  than  the 
simple  one  of  allowing  twice  as  great  working  stresses  for  dead  as  for 
live  loads. 
Mr.  Schaub.  J.  W.  ScHAUB,  M.  Am.  Soc.  C.  E. — Aside  from  the  Launhardt 
formula,  Avhich  the  writer  considers  more  clever  than  usefial,  there  is 
no  question  but  that  it  is  rational  to  assume  a  different  factor  of  safety 
for  live  load  than  for  dead  load,  in  proportioning  the  sectional  areas 
required  in  bridge  members.  This  matter  was  discussed*  by  the 
writer,  in  1887,  when  he  suggested  in  lieu  of  the  Launhardt  formula 
that  a  factor  of  safety  of  3  be  used  for  dead  load  and  a  factor  of  safety 
of  6  for  live  load.  This  suggestion  has  been  very  generally  adopted 
by  bridge  engineers,  and  notably  by  Theodore  Cooper,  M.  Am.  Soc. 
C.  E.,  in  his  "Specifications  for  Railway  and  Highway  Bridges."  If 
the  author  will  refer  to  the  Michigan  Central  Railroad  specifications 
for  1896  he  will  find  all  his  suggestions  fully  anticij^ated,  including 
even  the  variable  allowances  for  impact,  excepting  that  no  jiercentage 
of  increase  is  added  to  the  live  load  for  spans  exceeding  100  ft. 

The  use  of  different  factors  of  safety  for  dead  and  live  loads  was 
first  j)resented  to  the  writer  by  Mr.  Frank  D.  Moore  about  1882,  when 
in  the  employ  of  the  late  C.  Shaler  Smith,  M.  Am.  Soc.  C.  E.  At  that 
time  Mr.  Moore  used  different  factors  of  safety  for  dead  and  live-load 
stresses  in  chords  of  swing  bridges,  near  the  center,  where  the  dead- 
load  stress  is  so  largely  predominant  when  the  case  of  the  span 
swinging,  without  end  supports,  is  combined  with  the  live-load 
stresses. 

Referring  to  the  specifications  proposed  by  the  author,  it  might  be 
suggested  that  in  place  of  the  concentrated  loads  a  uniform  load  be 
used,  combined  with  a  single  concentration  so  jDlaced  as  to  give  maxi- 
mum stresses.  As  to  what  this  load  shall  be  the  writer  is  not  pre- 
pared to  say,  inasmuch  as  there  are  a  great  many  views  on  the  sub- 
ject. 
Mr.  Wright.  Charles  H.  Wright,  M.  Am.  Soc.  C.  E. — The  engineers  employed 
in  the  ofiices  of  the  several  bridge  companies  would  welcome  more 
cordially  than  any  other  class  the  advent  of  a  sjjeciflcation  which 
would  be  at  once  acceptable  to  the  engineers  of  the  railroad  companies, 
and  to  the  bridge  builders.  These  men  also  realize  more  keenly  than 
others,  perhaps,  the  apparent  hopelessness  of  such  a  result  being 
reached  at  this  time. 

The  editor  of  a  leading  engineering  journal  once  said:  "No  class 
of  men  are  so  intolerant  of  the  ideas  of  their  fellows  as  the  bridge  en- 

*  Transactions,  Am.  Soc.  C.  E.,  vol.  xvii,  p.  169. 
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giueers."  This  is  in  a  measure  true.  The  statement  might  be  applied,  Mr.  Wright. 
however,  with  equal  or  greater  force  to  other  branches  of  engineering. 
The  more  progressive  of  the  ship-builders  frankly  admit  that  the 
bridge-makers  are  far  in  advance  of  them  in  the  design  and  maniafac- 
ture  of  steel  structures.  If  this  be  true,  it  must  also  be  true  that  the 
bridge  engineers,  while  insisting  upon  infusing  something  of  their  own 
individuality  into  their  work,  have  been  willing  to  accept,  to  some 
extent  at  least,  the  best  from  the  work  of  others,  and  to  engraft  it  in 
their  own  designs.  As  the  men  in  the  offices  of  the  bridge  comj^anies 
recall  (as  they  must  all  be  able  to  do)  how  a  set  of  designs  will  be 
heartily  api3roved  by  one  engineer,  and  be  severed  limb  from  limb 
by  the  next  to  whom  they  are  submitted,  they  must  still  feel,  however, 
that  the  time  is  not  yet  ripe  for  a  universal  specification.  Notwith- 
standing the  progress  made  in  bridge  engineering,  there  is  still  a  long 
transition  period  ahead  of  it. 

Only  a  few  months  ago  the  bridge  companies  were  anxiously  con- 
sidering how  best  to  meet  the  requirement  of  drilled  medium  steel. 
Exjjensive  machines  for  doing  this  work  will  soon  be  idle,  if,  as  seems 
likely,  the  present  tendency  toward  punched,  unreamed,  soft  steels 
continues. 

The  most  a  specification  like  that  proposed  can  accomplish,  at 
present  is  to  eliminate  the  meaningless  requirements,  and  more  or 
less  absurd  clauses  which  ijunctuate  the  majority  of  the  great  number 
of  specifications  now  in  use. 

Why  should  an  arbitl-ary  assumqjtion  of  a  factor  of  safety  of  2,  3  or 
4  be  made,  or  imaginary  typical  (?)  engine  concentrations  be  used,  and 
the  stresses  then  be  figured  Avith  such  minuteness  that,  if  the  water 
bucket  hajJijeus  to  be  at  the  wrong  end  of  the  engine  tender,  all  the 
computations  are  false? 

Why  should  it  be  necessary  in  determining  pin  moments  to  use  a 
specification  which  makes  it  necessary  to  find  new  allowed  unit  stresses 
at  each  point  where  a  bar,  or  other  member,  rests  on  the  pin? 

Why  should  it  be  required  that  hours  be  spent  in  figuring  dead-load 
deflections,  and  changes  due  to  camber,  for  the  sole  purpose  of  making 
elaborate  diagrams  showing  the  notching  (even  to  eighths  and  six- 
teenths of  an  inch)  required  in  framing  the  ties,  only  to  have  it  develop 
later  that  the  bridge  carpenter  has  found  it  necessary  to  take  out  a 
hump,  or  sag,  of  ^  in.,  or  more,  sighting  with  his  eye  only? 

There  is  no  part  of  bridge  anatomy  which  has  not  been  made  the 
hobby  of  this,  or  that,  engineer.  AVith  one  the  trough,  or  hat  shape, 
is  the  only  tyj^e  of  chord  to  use  in  a  lattice  girder.  With  the  next  the 
single  web  or  X-shape  is  in  every  way  preferable. 

Of  two  engineers  using  Cooper's  specification,  one  will  require  that 
the  unit  stresses  in  details  be  increased  for  dead-load  strains,  and  the 
other  will  feel  that  he  is  being  imposed  upon  if  this  be  done. 
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Mr  Wright.  The  above  examples  of  what  is  daily  going  on  are  given,  not  as 
criticisms,  but  merely  to  help  the  statement  that  the  writer  does  not 
believe  a  general  vote  in  favor  of  any  one  specification  is  to  be  ex- 
pected at  this  time. 

The  points  in  the  proposed  si^ecification  which  the  writer  would 
criticise  are: 

(1)  Limit  to  3  ins.  the  minimum  diameter  of  rollers  for  spans  over 
150  ft.  in  length;  and,  by  preference,  segmental  rollers  shall  be  used. 
Increase  the  allowed  bearing  per  lineal  inch  to  800  s/  d. 

(2)  Omit  the  clause  jirohibiting  the  use  of  i^late  girders  without 
cover  plates. 

(3)  There  is  no  necessity  for  the  requirement  that  built  chords  shall 
be  spliced  for  the  full  area  of  the  section,  at  milled  ends. 

(4)  Pin-plates  should  be  so  arranged  as  to  properly  transfer  to  the 
pins  the  jjercentage  of  stress  borne  by  the  cover  plate  jj,nd  by  the 
angles,  secondary  angles  being  used  if  necessary. 

(5)  Make  the  length  of  the  jjlates  on  built  sections  one  and  one- 
quarter  times  the  greatest  width  of  the  member  where  they  come  at 
pin-ends  and  one-half  this  length  at  other  points. 

(6)  Specify  the  size  of  lattice  to  be  used  on  larger  sections,  as 
where  angle  lattice  shall  be  used,  and  where  doixble  lattice  shall  re- 
place single  bars. 

(7)  There  is  no  reason  why  shoe  and  bed  plates  on  small  spans 
should  be  milled.  The  surface  left  by  the  rolls  is  less  susceptible  to 
the  action  of  rust  than  the  milled  surface,  and  is  also  fully  as  smooth 
as  the  surface  left  by  the  average  bridge  milling  machine. 

(8)  Requirements,  such  as:  "  Rivets  shall  completely  fill  the 
holes,"  "  Rivets  shall  be  countersunk  where  necessary,'  "Finished 
members  shall  be  free  from  twists."  etc.,  "  Eye-bars  shall  be  straight," 
"Eye-bars  shall  be  bored  at  the  same  temj^erature,"  etc.,  mean 
nothing,  and  merely  add  to  the  length  of  the  specification.  The  first 
sentence  under  workmanship,  "All  work  shall  be  first-class,"  would 
seem  to  cover  it  all.  Of  9Q%  of  the  so-called  "  shoja  instructions,"  of 
the  average  specification,  brief  notes  on  the  drawings  are  all  that  the 
shop  men  read  or  even  see. 

(9)  The  limits  of  phosj^horus,  sulphur,  and  manganese  are  need- 
lessly severe. 

(10)  A  few  specifications  re:iuire  (theoretically,  at  least)  that  all 
material  shall  be  oiled  at  the  rolling  mill.  A  few  insjiectors  have  also 
earnestly  tried  to  have  this  done.  They  have  generally  failed,  the 
failure  being  largely  due  to  the  oj^position  of  the  mill  men;  particu- 
larly at  those  mills  where  material  is  often  loaded  on  the  cars  while 
yet  too  hot  to  oil  or  paint.  It  is  true,  however,  that  the  mill  men 
quietly  submit  to  requirements  costing  more,  and  of  not  one-tenth  the 
value  that  such  a  one  would  be. 


CORRESPONDENCE   ON   BRIDGE   SPECIFICATIONS.  191 

That  material  should  be  shipped  and  lie  for  weeks  under  all  sorts  Mr.  Wright, 
of  weather  without  protection  of  any  kind,  is  inexcusable.     Most  en- 
gineers, however,  treat  the  matter  with  indiflference.      Perhaps  they 
rely  upon  the  statement  that  the  paint  "holds  better"  if  the  surface 
be  first  thoroughly  coated  with  rust. 

The  result  of  the  writer's  observation  is  that  soft  steel  rusts  much 
more  rapidly  than  iron,  when  exjjosed  without  protection  to  the  weather. 
He  has  assembled  a  set  of  specimens  taken  from  angles,  channels  and 
flats  which  have  laid  exposed  to  the  weather  for  periods  of  from  two 
to  sixteen  years.  Some  of  the  specimens  were  oiled  soon  after  rolling, 
others  a  year  or  more  afterward,  and  some  not  at  all.  Among  the 
unoiled  si^ecimens  the  iron  ones  show  almost  uniformly  less  rust  than 
the  steel  ones.  A  very  casual  examination  is  sufficient  to  show  the  im- 
portance of  keeping  iron  and  steel  structures  thoroughly'painted,  and 
to  show  also  very  conclusively  that  the  time  to  apply  the  protective 
coating  is  before  any  opportunity  has  been  given  for  rust  to  begin  its 
work. 

J.  K.  WoRCESTEK,  M.  Am.  Soc.  C.  E. — The  author's  clear  and  able  Mr.  Worcester, 
l^resentation  of  the  arguments  in  favor  of  the  use  of  the  Launhardt 
formula,  or  some  similar  one,  for  proportioning  parts,  seems  to  lack 
one  vital  link  in  the  chain  of  reasoning.  If,  in  designing  bridges,  the 
engineer  were  endeavoring  to  make  them  fail  under  a  certain  load,  or  at 
a  certain  time,  or  to  make  all  jaarts  fail  at  the  same  time  when  the  op- 
portunity occurred,  then  he  could  not  do  better,  probably,  than  to  de- 
sign them  in  accordance  with  the  knowledge  gained  from  Wohler's 
experiments.  "When  he  is  endeavoring,  however,  to  so  j^roportion  the 
work  that  it  will  never  fail,  or  be  distorted  beyond  the  "  limit  of 
uniform  elongation,"  he  is  dealing  with  an  entirely  diiferent  element 
in  the  strength  of  the  material. 

This  "  limit  of  uniform  elongation,"  or  "  elastic  limit,"  is  the  real 
limit  of  strength  of  a  structure.  Beyond  this,  engineers  hope  never  to 
go,  and  a  bridge  which  has  reached  it  is  hoi^elessly  beyond  its  period 
of  usefulness.  It  is  to  keep  away  from  this  limit  that  the  "  factor  of 
safety  "  is  used,  and  all  parts  should  be  designed  with  a  view  to  being 
proportionally  distant  from  this  point.  So  far  as  the  writer  is  aware,  . 
neither  Wohler's  experiments  nor  any  others  have  shown  that  an  infi- 
nite number  of  repetitions  of  a  strain  less  than  the  elastic  limit  of  the 
material  (strains  in  opposite  directions  being  added)  has  the  slightest 
effect  uiDon  the  elastic  limit;  and  until  it  is  shown,  or  reasons  are  given 
why  it  should  be  inferred,  that  this  elastic  limit  is  reduced  by  fatigue, 
it  does  not  apjiear  to  be  proved  that  in  proportioning  parts,  the  engi- 
neer should  take  account  of  changes  in  the  amount  of  stress. 

There  is,  however,  a  logical  reason  for  allowing  a  greater  strain  from 
dead  than  from  live  loads,  and  that  is,  that,  while  the  former  may  be 
exactly  known  and  never  exceeded,  the  latter  involves  elements  of  un- 
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Mr.  Worcester,  certainty.  Not  only  is  the  additional  effect  of  impact  uncertain,  but 
the  amount  of  the  live  load  itself — especially  in  railroad  bridges — is 
also  very  doubtful,  when  it  is  considered  that  a  future  period  of  in- 
definite extent  is  being  provided  for. 

Acknowledging,  therefore,  the  wisdom  of  allowing  lesser  strains 
from  live  than  from  dead  loads,  the  author's  method  of  proiJortioning 
parts  has  many  advantages,  above  all,  the  consistency  with  which  it 
apijlies  to  details  as  well  as  to  main  members,  but  its  simi)licity  is 
largely  decreased  by  the  introduction  of  an  arbitrary  and  somewhat 
uncertain  addition  for  impact.  As  an  instance  of  the  uncertainty  of 
this  addition,  take  the  case  of  a  floor  beam  of  a  double-track  bridge: 
Should  the  same  allowance  be  made  for  impact,  under  the  specification, 
as  if  only  one  track  were  carried  by  the  beam  '?  If  impact  is  to  be  pro- 
vided for,  it  is  qiiestionable  whether  the  whole  addition  to  the  live  load 
cannot  be  more  conveniently  and  quite  as  thoroughly  provided  for  in 
this  way,  as  Mr.  C.  C.  Schneider  has  done  for  many  years  in  his  speci- 
fications. 

On  tlie  whole,  the  specifications  proposed  by  the  author  are  very 
exhaustive  and  satisfactory.  There  ai'e,  however,  some  points  which 
may,  j^erhaps,  be  oj^en  to  question. 

The  writer  would  strike  out  the  clause  which  reads:  "A  type  of 
truss  shall  be  used  *  *  *  which  subjects  no  member  to  alternate 
strains."  This  would  apparently  entirely  bar  out  riveted  Warren 
trusses  of  any  kind,  which  in  certain  places  are  exceedingly  valuable, 
if  not  indispensable. 

The  author  has  followed  the  almost  universal  practice  of  requiring 
transverse  bracing  at  every  main  panel  point  of  deck  bridges.  In 
single-track  bridges  this  reqiiirement  may  be  justified  on  the  ground 
that  it  does  no  harm,  although  it  is  not  in  conformity  Avith  the  jmneiple 
of  so  distributing  the  metal  that  the  strains  in  each  piece  can  be  accu- 
rately calculated,  for  it  introduces  indeterminateness  in  the  strains  which 
can  be  dealt  with  only  by  making  arbitrary  assumptions.  In  the  case 
of  double-track  deck  bridges,  however,  intermediate  transverse  bracing 
is  worse  than  useless,  for  the  reason  that  when  a  single  track  is  loaded 
and  one  truss  deflects  more  than  the  other,  a  rigid  system  of  interme- 
diate transverse  bracing  will  prevent  the  trusses  from  deflecting  in  a 
vertical  plane,  and  will  throw  the  track  to  one  side,  at  the  same  time 
making  strains  in  the  lateral  bracing  from  purely  vertical  loads.  This 
will  produce  an  exceedingly  unpleasant,  if  not  dangerous,  side  lurch 
in  a  rapidly  moving  train,  and  it  is  often  the  cause  of  a  continual 
stretch  of  the  lower  lateral  rods.  Dispensing  with  the  intermediate 
transverse  frames  does  no  harm,  for  the  top  laterals  and  end  cross- 
bracing  can  easily  be  made  to  resist  all  the  lateral  force,  and  the  elas- 
ticity of  the  posts  to  which  floor  beams  are  riveted  is  always  sufficient 
to  allow  for  the  unequal  deflection  of  the  trusses  without  disturbing 
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the  connections  of  the  floor.   In  through  bridges  this  condition  is  bound  Mr.  Worcester. 
to  exist,  and  why  not  in  deck  bridges  ? 

The  author  has  followed  the  common  practice  of  not  considering 
any  part  of  the  web  of  a  plate  girder  as  acting  with  the  flange.  The 
common  justification  of  this  is  not  that  the  web  does  not  actually  act 
with  the  flange,  but  that  it  is  often  sjjliced,  and  consequently  inopera- 
tive, and  that  the  metal  thus  introduced  does  no  harm.  The  practice 
is,  however,  not  only  needlessly  wasteful  of  material,  but  often  results 
in  making  a  girder  much  weaker  than  it  might  be  made  with  the  same 
material.  If  the  sjsecification  allowed  the  use  of  the  moment  of  resist- 
ance of  continixous  webs,  i^roviding  that  joints  which  are  spliced  for 
shear  only  should  not  be  considered  as  transferring  flange  strains,  it 
might  prevent  the  common  custom  of  breaking  the  webs  at  the  center, 
or  where  the  flange  strain  is  greatest.  It  would  also  favor  the  use  of 
deep  girders  where  the  depth  is  optional,  and  the  advantage  of  increased 
depth  in  the  way  of  stiffness  is  of  no  small  consequence.  The  practice 
also  tends  to  making  open  trusses  more  economical  than  jjlate  girders, 
which  would  otherwise  be  more  desirable. 

The  prohibition  of  plate  girders  made  without  upper  flange  plates, 
though  supported  by  good  authority  on  theoretical  grounds,  is  of 
doubtful  necessity,  and  often  very  uneconomical,  while  it  involves  much 
labor  in  fitting  ties  to  rivet  heads,  and  afterward  in  renewing  the 
wooden  floor. 

The  specification  for  web  plates  is  deficient  in  that  it  allows  f-in. 
webs  to  be  used  for  very  heavy  shears — provided  that  flange  angles 
have  two  rows  of  rivets,  and  the  same  webs,  with  no  wider  spacing  of 
stifi'eners,  must  be  used  where  the  shear  is  decreased  to  a  merely  nom- 
inal figure.  While  the  science  of  proportioning  webs  is  in  a  very 
primitive  state  at  the  present  time,  it  certainly  is  not  common  sense 
that  the  material  in  the  web  should  not  bear  some  relation  to  the  shear. 
Again,  it  surely  cannot  be  intentional  to  insist  on  the  use  of  stiff'eners 
wherever  the  unsujjported  depth  of  webs  is  thirty  times  the  thickness, 
or  for  a  ^-in-  web,  where  the  unsupported  depth  exceeds  llj  ins. 
The  many  raih'oad  bridge  stiingers,  without  vestige  of  stiflfeners,  now  in 
service,  which,  so  far  as  the  writer's  observation  goes,  have  never  shown 
any  lack  of  strength  from  this  cause,  Avould  bear  witness  to  the  ab- 
surdity of  such  a  requirement.  The  writer  suggests  the  following  em- 
pirical formula  as  one  which  will  give  a  spacing  about  in  accordance 
with  the  best  practice,  and  at  the  same  time  pay  some  regard  to  the 
intensity  of  the  shear: 

d  =  t  {250—  -/sTTs) 

in  which  d  =  clear  distance  between  stiffeners,  in  inches,  t  =  thickness 
of  web,  and  .s  =  shear  in  web  plate  per  square  inch.  The  following 
note  should  then  be  added: 
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JMr.  Worcester.  "In  case  tlie  distance  between  stitfeners,  indicated  by  this  formula, 
exceeds  one  and  one-quarter  times  the  clear  distance  between  flange 
angles,  the  stiffeners  may  be  omitted." 

The  maximum  pitch  of  rivets  in  the  line  of  strain  may  well  be 
greater  than  twelve  times  the  thickness  of  the  thinnest  external  plate 
connected,  where  the  rows  are  not  far  apart  transversely  to  the  strain ,^ 
as  in  the  case  of  flanges,  where  the  angles  each  have  two  gauge  lines. 

The  wisdom  of  not  specifying  any  lower  limit  for  the  ultimate 
strength  of  rivet  steel  is  not  very  aiJjDarent.  Though  the  tendency  of 
the  mills  may  be  to  get  too  high  steel,  it  would  seem  to  be  rather  a 
radical  departure  to  agree  to  accept  as  low  material  as  can  be  jjro- 
duced. 

The  writer  is  not  aware  of  any  reason  why  contact  surfaces  should 
be  painted  rather  than  oiled  before  being  put  together.  Such  surfaces 
cannot  rust  enough  to  do  any  harm  if  not  protected  at  all,  and  cer- 
tainly a  coat  of  oil  would  prevent  even  incipient  rusting  in  such  a 
place.  Moreover,  it  is  a  custom  of  shop  men,  Avhen  j^ainting  those 
surfaces  which  are  to  be  immediately  covered  up,  to  daub  the  paint 
brush  once  over  one  of  the  surfaces,  the  chances  being  that  not  over 
50%"  of  the  ai'ea  is  ever  touched  by  the  paint.  Under  these  circum- 
stances, oil  is  much  superior  to  paint,  from  the  fact  that  when  the 
parts  are  assembled  it  will  crawl,  by  means  of  its  own  peculiar 
power,  while  any  pigment  will  tend  to  retard  this  covering  jjower. 

The  specifications  do  not  ajjpear  to  contain  any  provision  for  initial 
strains  in  adjustable  members,  and  perhaps  this  is  unnecessary,  though 
the  effect  of  this  initial  strain  on  struts  and  connections  should  not  be 
neglected.  The  writer  would  suggest  the  following  clause,  the  word- 
ing of  which  is  taken  bodily  from  the  specification  of  J.  P.  Snow,  M. 
Am.  Soc.  C.  E. : 

"Adjustable  members  shall  be  proj^ortioned  for  an  initial  strain  of 
10  000  lbs.  When  the  calculated  external  strain  in  adjustable  diago- 
nals is  less  than  20  000  lbs.,  the  maximum  strain  on  the  member  shall 
be  taken  as  10  000  lbs.  plus  one-half  the  calculated  strain.  "When  the 
calculated  strain  equals  or  exceeds  20  000  lbs. ,  it  shall  be  used  as  the 
maximum,  and  the  initial  strain  ignored." 

In  the  case  of  a  panel  where  the  two  opposing  diagonals  are  the 
same  in  sectional  area,  and  the  resisting  struts  of  so  much  greater  sec- 
tion that  they  are  inappreciably  shortened  by  the  tension  in  the  diago- 
nals, this  condition  is  practically  true;  because,  when  an  external  force 
produces  an  added  strain  to  one  diagonal  and  the  bars  stretch,  the 
opposing  diagonal  is  shortened  by  just  the  same  amount,  and,  as  the 
changes  in  strain  are  practically  proportional  to  the  changes  in  length, 
it  follows  that  half  the  external  strain  is  resisted  by  the  increased  strain 
in  one  diagonal,  while  the  other  half  goes  to  replace  the  strain  formerly 
existing  in  the  other.  As  the  strain  from  external  force  increases,  it 
finally  reaches  a  jjoint  at  which  all  the  initial  strain  in  the  opposing 
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diagonal  is  replaced,   and  after  that  is  done  there  is  no  more  need  of  Mr.  Woivester. 
considering  anything  more  than  the  external  forces. 

When  the  diagonals  are  not  equal ^in  section,  the  adjustable  mem- 
ber, being  the  smaller,  will  be  less  affected  by  external  strains  than  its 
more  rigid  opposite;  that  is,  less  than  half  the  external  strain  might 
perhaps  be  added  to  the  initial  strain,  but  the  error  involved  in  api^ly- 
ing  the  same  rule  is  slight,  and  always  on  the  safe  side. 

F.  E.  Tdkneaure,  Assoc.  Am.  Soc.  C.  E. — The  logical  sequence  of  Mr.  Turueaure. 
the  main  operations  involved  in  the  determination  of  bridge  stresses 
and  of  cross-sections,  as  it  appears  to  the  writer,  is:  First,  the  deter- 
mination of  the  dead-load  stresses;  second,  the  determination  of  static 
live-load  stresses;  third,  the  addition  to  the  latter  of  an  amount  esti- 
mated to  cover  effects  of  vibration  and  impact,  thus  determining  as 
closely  as  may  be  the  actual  live-load  stresses; /b«?"i'Z',  the  combination 
of  dead-load  with  actual  live-load  stresses  by  means  of  the  Launhardt 
formula,  or  in  a  manner  such  as  recommended  by  the  author,  for  the 
purpose  of  making  provision  for  fatigue;  and  fifth,  the  selection  of  a 
working  stress  for  dead-load  stress,  or  equivalent  dead-load  stress, 
which  shall  be  suflSiciently  below  the  elastic  limit  to  leave  a  margin 
for  undetermined  secondary  stresses,  imperfections  in  material  and 
workmanship,  corrosion  and  possibly  for  occasional  increase  of  the 
maximum  stress  by  a  rare  combination  of  loads. 

As  the  writer  desires  to  discuss  impact  principally,  he  will  touch 
on  that  subject  first,  although  this  is  not  the  chief  topic  of  the  paper. 

Impact  and  Vibration. — In  j^roviding  for  fatigue,  or  combining  live 
and  dead-load  stresses  for  any  i)urpose,  it  certainly  seems  proper  to 
use  not  the  live  load  stresses  as  determined  statically,  but  the  actual 
stresses  to  which  the  members  are  subjected,  if  such  stresses  can  be 
determined.  Unfortunately,  the  existing  data  on  this  point  are  not 
very  extensive,  but  enough  is  known  to  show  that  the  stresses  added 
by  impact  and  vibration  are  a  very  considerable  percentage  of  the 
static  live-load  stresses,  much  greater  that  those  recommended  as  for 
impact  in  the  author's  sjjecifications.  Professor  Robinson  showed  by 
his  experiments*  that  vibration  in  ordinary  spans,  up  to  150  ft.  or 
more  in  length,  might  be  expected  to  frequently  equal  15  or  10%  oi  the 
static  deflection,  involving,  therefore,  a  corresponding  increase  of 
chord  stress.  In  a  series  of  experiments  of  considerable  extent,  recently 
made  by  the  writer,!  Professor  Robinson's  results  have  been  fully  cor- 
roborated, and,  moreover,  it  has  been  found  that  in  still  shorter  spans 
this  percentage  becomes  much  higher,  being  at  least  AQ%  for  plate- 
girder  spans  of  25  to  50  ft.  in  length.  Furthermore,  this  excessive 
vibration  is  not  of  rare  occurrence,  but  takes  place  so  frequently  as  to 

*  "  Vibration  of  Bridges,"  by  S.  W.  Robinson,  M.  Am.  Soc.  C.  E.  Transactions.  Am 
Soc.  C.  E.,  Vol.  xvi,  p.  42. 

t  Proceedings.  Am.  Soc.  C.  E.,  Vol.  xxiv,  November,  1898,  p.  783. 
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Mr,  Turneauie.  merit  full  recognition  as  an  inevitable  jjart  of  the  live-load  stress. 
These  additional  stresses  were  found  to  be  due  rather  to  the  vibration 
set  up  by  unbalanced  drivers  aud  other  causes,  than  to  the  sudden- 
ness of  the  ai^plication  of  the  live  loads,  but  so  long  as  unbalanced 
drivers  must  be  used  such  stresses  should  be  taken  into  account. 

The  writer  is  not  jjrepared  to  oflfer  an  impact  formula,  but  con- 
siders that  nothing  less  than  50%  should  be  allowed  for  girders  up  to 
50-ft.  spans,  and  20  or  25/o  ^^r  spans  from  100  ft.  to  200  ft.  in  length. 
For  the  construction  of  a  sliding  scale,  it  is  thought  that  75%  and 
25%'  for  the  limiting  spans  given  in  the  impact  table  of  the  specifica- 
tions would  be  conservative  figures.  For  very  long  truss  spans  it  is 
probable  that  little  or  no  provision  need  be  made  in  the  main  members 
for  impact  and  vibration,  as  such  would,  in  any  case,  be  small,  and 
furthermore  the  maximum  assumed  loading  for  such  long  spans  occurs 
very  rarely.  The  velocity  of  freight  trains  also,  in  most  situations, 
would  be  too  small  to  cause  vibration.  More  data  on  this  subject,  are 
greatly  to  be  desired,  but  the  writer  believes  that  the  jirovision  for  impact 
should  be  liberal,  and  that  it  is  better  to  err  by  making  it  too  large 
than  too  small.  He  is  very  strongly  opposed  to  the  method,  followed 
in  some  specifications,  of  entirely  ignoring  impact  as  such,  and  in  let- 
ting this  matter  take  care  of  itself  by  using  a  fatigue  formula  which 
ostensibly  deals  only  with  the  question  of  fatigue.  Probably  in  the 
minds  of  the  writers  of  such  specifications  the  formula  is  intended  to 
cover  the  unknown  effect  of  impact,  whatever  that  may  be,  lea\'ing  for 
fatigue  whatever  is  left  over.  It  would  seem  that  a  much  better 
plan  is  to  keep  the  subjects  of  impact  and  fatigue  separate,  and  to 
use  separate  formulas,  as  is  done  by  the  author;  for  by  so  doing  the 
subject  is  kept  clear,  and  it  is  much  easier  for  designers  to  use  judg- 
ment in  modifying  either  formula  for  sjiecial  cases,  or  in  changing 
such  formulas  from  time  to  time  as  the  knowledge  of  these  questions 
increases.  To  use  a  fatigue  formula  alone,  or  to  treat  the  subject  as 
is  done  in  Mr.  Cooper's  well-known  specifications,  is,  in  reality,  making 
a  much  greater  allowance  for  fatigue,  or  for  a  margin  of  safety,  in  long 
spans  than  in  short  ones,  as  the  impact  and  vibration  is  unquestionably 
a  greater  percentage  of  the  live-load  stresses  in  the  short  spans.  This 
variation  seems  to  the  writer  to  be  in  the  wrong  direction. 

Fatigue. — The  author  has  proposed  a  method  of  making  provision 
for  fatigue,  which  gives  results  that  certainly  agree  very  closely  with 
the  experiments,  and  which  would  seem  to  be  a  very  convenient  formula 
for  practical  use.  The  writer  does  not  wish  to  discuss  the  advantages 
of  this  over  the  Launhardt  or  other  formulas,  but  is  disposed  to  ques- 
tion the  propriety  of  making  provision  for  fatigue  to  the  extent  indi- 
cated by  the  ordinary  formula  or  by  the  method  proposed  in  the 
paper.  The  practical  limit,  beyond  which  it  is  undesirable  ever  to 
stress  iron  or  steel,  when  the  stress  is  always  of  the  same  kind,  is  the 
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elastic  limit,  for  whenever  this  is  exceeded  undesirable  deformations  Mr.  Turneaure. 
are  produced  in  the  structure  which  cause,  among  other  things,  a 
new  distribution  of  stress.  The  margin  between  the  elastic  limit  and 
the  ultimate  strength  is  certainly  verv  desirable  in  case  of  emergencies, 
and  it  is  possible  that  in  poorly  designed  structures  secondary  stresses 
are  high  enough  to  cause  the  total  stresses  to  be  occasionally  in  excess 
of  the  elastic  limit  over  very  short  distances,  without  causing  notice- 
able distortion  of  the  structures.  In  a  well-designed  bridge,  however, 
such  secondary  stresses  should  be  kept  low,  and  the  details  made  of 
equal  or  greater  strength  than  the  main  members,  so  that  excessive 
and  unlooked-for  stresses  will  rarely  occur.  If  the  actual  maxi- 
mum stresses  never  exceed  the  elastic  limit,  the  ultimate  strength 
of  the  member,  and  therefore  the  margin  for  emergencies,  remains 
unchanged,  no  matter  how  often  the  stresses  are  repeated,  and,  in  case 
the  maximum  stresses  were  fully  known,  the  writer  sees  no  reason 
why  it  would  not  be  safe  to  utilize  the  full  elastic  strength  of  the 
metal.  Furthermore,  any  slight  excess  of  stress  over  the  elastic  limit 
which  might  occur  would  be  rare,  and  the  element  of  recovery  of  the 
metal  would  diminish  the  necessity  for  special  provision  for  fatigue. 
In  practice,  such  fiill  j^rovision  for  fatigue  has  in  reality  seldom  or 
never  been  made,  since  imj^act  and  vibration  have  lieen  either  entirely 
overlooked,  or  have  been  insufficiently  provided  for  in  those  specifica- 
tions using  a  fatigue  formula.  Even  in  the  present  paper  the  author 
lays  a  double  duty  on  his  fatigue  formula  in  certain  cases  where  (page 
149 )  he  adopts  the  ratio  of  2  to  1  for  live  to  dead-load  stress,  and 
then  considers  this  sufficient  to  provide  also  for  increased  stresses  due 
to  vibration  and  shocks,  but  not  to  "  sudden  application,"  for  which  a 
separate  provision  is  made. 

On  account  of  the  limited  knowledge  of  local  secondary  stresses, 
and  of  the  possibility  of  the  maximum  stresses  occasionally  exceeding 
the  elastic  limit  in  some  detail,  it  is  j^robably  desirable  to  differentiate 
to  some  extent  between  fixed  and  variable  stresses,  even  though  the 
latter  are  estimated  at  their  true  value.  The  writer  would  suggest 
30%  or  40%"  as  a  reasonable  addition  to  the  actual  live-load  stresses 
for  fatigue.  It  is,  in  reality,  as  much  as  is  now  usually  allowed  in 
short  spans.  For  long  spans  there  seems  to  be  no  reason  for  increasing 
this,  as  the  details  are  likely  to  be  better  and  the  distribution  of  stress 
more  uniform.  Whatever  larovision  is  deemed  desirable,  the  proper 
live-load  stress  to  be  considered  is  plainly  the  static  stress  plus  the 
increase  due  to  vibration  and  impact.  The  frequency  with  which  this 
maximum  live-load  stress  is  likely  to  occur  is  perhaps  a  proper  subject 
for  consideration  in  adopting  a  coefficient  for  fatigue.  This  method 
would  give,  for  spans  50  ft.  in  length,  an  addition,  first  to  the  static 
live-load  stresses,  of  say,  50)J^o  to  determine  the  actual,  frequently  oc- 
curring stresses;    then  a   further  addition  of,   say,  40>'f^  of  150°o    for 
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'Wr.  Turneaure.  fatigue,  giving  a  dead-load  stress  equivalent  to  150  -f-  60  =  210%  of 
the  static  live-load  stress.  For  longer  spans  the  impact  would  be 
less,  but  the  percentage  for  fatigue  would  remain  the  same. 

For  members  subjected  to  a  reversal  of  stress,  the  limit  which 
must  not  be  exceeded  is  the  repetition  limit  as  determined  by  tests,  this 
being  less  than  the  elastic  limit;  and  it  is  certainly  desirable  to  have 
a  greater  margin  between  the  working  stress  for  such  members  and 
the  rej^etition  limit  than  between  the  working  stress  for  members 
subjected  to  but  one  kind  of  stress  and  the  elastic  limit.  However,  it 
is  true  here  as  in  the  other  case,  that  if  this  repetition  limit  is  not  ex- 
ceeded, the  ultimate  strength  remains  unatiected. 

In  the  proposed  specifications  the  stresses  due  to  the  centrifugal 
force  ajjpear  to  be  classed  as  dead-load  stresses.  This  seems  to  the 
writer  to  be  incorrect.  For  bridges  on  moderate  curves,  the  speed  of 
60  ft.  per  second  is  low,  and  the  horizontal  component  of  the  pressure 
of  the  train  upon  the  bridge  wovild  seem  to  be  as  much  a  part  of  the 
live  load  as  is  the  vertical  component.  It  would  seem  also  that  the 
percentage  to  be  added  to  this  part  of  the  live-load  stress  for 
lateral  impact  and  vibration  should  be  fully  as  great  as  for  the  vertical 
loads. 
Mr.  Thomson.  T.  Kennakd  THOMSON,  M.  Am.  Soc.  C.  E. — Why  should  more  for- 
mulas be  presented  until  there  are  some  new  and  reliable  experiments 
for  a  basis? 

Launhardt's  experiments  cover  fatigue,  biit  any  formula  for  proj^or- 
tioning  the  members  of  a  bi-idge  should  also  consider  impact,  and  the 
only  basis  for  such  a  formula  would  be  an  exhaustive  set  of  experi- 
ments extending  over  several  years,  and  on  all  kinds  of  bridges.  Any 
engineer  who  will  devote  his  time  to  such  exjieriments  will  earn  the 
lasting  gratitude  of  his  fellows. 

The  empirical  formula  proposed  by  the  author  is  taken  partly  from 
Mr.  Cooper  and  j^artly  from  Mr.  Schneider,  both  of  whose  methods 
give  good  results,  but  why  should  they  be  mixed?  A  good  many  engi- 
neers waste  their  energies  splitting  hairs  when  they  ought  to  split  their 
strains  in  two. 

On  a  short  line  of  elevated  viaduct,  the  speaker  once  had  occasion  to 
calculate  the  difference  in  cost,  caused  by  using  fiber  strains  of  8  000  and 
16  000  lbs.  The  strain  used  was  8  000,  but  if  16  000  had  been  used, 
the  total  cost  of  the  viaduct  would  have  been  decreased  by  only  9 
per  cent.  The  writer  has  seen  many  cases  where  it  would  have  been 
actually  cheaper  in  first  cost  to  have  used  more  steel,  on  account  of 
the  better  prices  the  shops  would  have  given. 

The  writer  is  suri^rised  to  see  that  the  author  advocates  making  all 
bidders  submit  designs  and  strain  sheets,  for,  in  the  first  j^lace,  it 
necessitates  say  from  five  to  ten  companies  doing  a  lot  of  work  when 
only  one  can  secure  the  contract,  and,  in  the  second  place,  it  imi^lies 
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that  the  engineers  of  the  railroad  are  not  capable  of  doing  what  should  Mr.  Thomsou. 
be  their  own  work. 

Again,  if  the  contractors  furnish  the  designs,  they  skin  everything 
for  fear  of  losing  the  work,  while  if  the  railroad  employs  a  competent 
bridge  engineer  to  make  plans  the  work  is  easily  controlled,  and  if  the 
contract  is  let  by  the  pound,  it  does  not  make  so  much  difference  who 
makes  the  shop  plans. 

The  author  adds  one  more  to  the  long  list  of  engine  diagrams,  not- 
withstanding the  fact  that  it  is  impossible  to  get  one  to  cover  the 
ground.  For  instance,  an  engineer  would  not  be  allowed,  generally, 
to  design  an  elevated  railroad  to  carry  the  author's  engine. 

Mace  Moulton,  M.  Am.  Soc.  C.  E. — While  it  seems  obvious  that  Mr.  Mouiton. 
engineers  will  probably  be  unable  to  arrive  at  any  real  agreement  as  to 
all  the  clauses  in  a  bridge  specification,  yet  it  is  apparently  always  in 
order  to  discuss  any  suggestions  aiming  at  an  approach  to  uniformity  in 
practice.  Taking  this  view  of  the  matter,  the  writer  desires  to  offer  a 
few  comments  on  the  paj^er. 

There  is  one  statement  in  the  paper  which  brings  out  a  point  which 
has  often  struck  the  writer  in  examining  sijecifications,  and  that  is: 
"The  specifications  have  been  written  from  the  standpoint  of  the  rail- 
road company  rather  than  from  that  of  the  manufacturer.  '  Undoubt- 
edly, this  spu-it  in  Avriting  a  specification  is  perfectly  j^roper  when 
carried  to  sufficient  length  to  insure  first-class  construction  within 
reasonable  limits  of  economy. 

Years  ago,  when  the  tools  and  appliances  in  iise  were  more  crude, 
and  when  the  shops  at  which  such  work  was  done  were  merely  manu- 
factories, headed  and  controlled  in  most  cases  by  plain  men  of  business 
and  men  of  possibly  a  high  grade  of  mechanical  knowledge,  it  was  ab- 
sohitely  necessary  that  the  engineers  designing  work,  and  making  the 
sijecitications  therefor,  should  specify  the  exact  requii-ements  to  the 
uttermost  detail  of  manufacture.  This  procedure,  through  long  years  of 
construction  under  the  exceedingly  diverse  ideas  of  engineers,  has  at 
length  resulted  in  the  equipment  of  shops  with  many  special  tools,  and 
facilities  for  turning  out  almost  anything  which  buyers  really  require, 
or  think  they  require,  to  meet  the  conditions  of  use  of  the  structures  to 
be  built. 

As  time  has  progressed,  the  manufacturers  have  thought  it  prudent 
to  so  specialize  their  business  as  to  be  in  position  to  meet  all  the  re- 
quirements of  the  engineers  of  railroad  companies.  This  has  required 
them  to  employ  talented  engineers,  who  have  devoted  most  of  theii*  j^ro- 
fessional  efforts  to  this  si^ecialty,  to  attend  to  the  details  of  this  class  of 
work.  These  shop  engineers  and  structural  specialists  have  naturally 
been  constantly  striving  to  lessen  the  exjoense  of  production,  and,  at  the 
same  time,  in  most  cases,  to  elevate  the  standard  of  excellence  of  their 
product. 
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Mr.  Moulton.  The  first-class  bridge  shops,  by  this  growth  toward  perfecting  their 
special  work,  having  thoroughly  winnowed  out  the  chaff,  in  the  way  of 
odd  and  unnecessarily  complicated  details  of  manufactujre,  are  in  a 
position  to  make  suggestions  to  the  buyers  of  their  product  which  will 
in  many  cases  simplify  and  thus  cheapen  the  ])roduct,  without  in  any 
way  injuring  the  resiilting  structure. 

It  was  undoubtedly  necessary,  in  the  early  stages,  for  specifications 
to  be  so  written  as  to  force  the  manufacturers  to  improve,  expei-iment, 
specialize  and  perfect  their  product.  The  period  has  arrived,  however, 
when  they  know  their  specialty  thoroughly,  and  the  nearer  a  specifica- 
tion conforms  to  current  shoj^and  mill  methods,  holding  uj)  the  standard 
of  excellence  properly,  and  carefully  following  the  work  through  all 
stages  to  eliminate  errors  and  personal  equations  of  the  shop,  the  better 
and  more  economical  the  structure's  will  be.  To  this  end  let  the  rail- 
road companies  engage  specialists  to  handle  their  structural  work,  under 
the  supervision,  of  course,  of  the  ijrojjer  chiefs,  but  see  to  it  that  these 
specialists  are  really  competent,  not  only  to  make  out  strain  sheets  and 
figure  out  and  draw  details,  but  that  they  have  had  proper  shop  train- 
ing, so  that  such  details  will  not  be  expositions  of  some  peculiar  ideas 
of  the  individuals,  but  will  be  up  to  date  and  of  a  character  recognized 
as  "good  practice,"  both  by  the  railway  companies  and  the  manu- 
facturers. 

It  is  i^robably  within  the  observation  of  every  bridge  shop  engineer 
of  experience  that  many  structures  have  been  built  by  them  from  draw- 
ings and  specifications  of  railroad  companies  which  cost  the  railroad 
many  per  cent,  more  than  necessary  owing  to  want  of  knowledge  on  the 
part  of  a  designer  of  what  a  shop  could  do  and  what  it  could  not  do, 
except  at  a  greatly  increased  outlay,  and  giving  a  result  no  better  for  it 
than  if  the  structure  had  been  designed  with  more  knowledge  or  atten- 
tion to  prevalent  first-class  shop  practice.  Generally  in  such  cases  it  has 
not  been  policy  for  the  manufacturer  to  make  any  comments  to  the  buyer,, 
for  obvious  reasons.  Possibly  economy  in  the  salary  of  the  designer, 
or  misplaced  confidence,  has  cost  railroad  companies  many  dollars  in 
this  way. 

The  experience  of  all  in  the  diflference  between  the  cost  of  the  steel 
used  in  bridges  to-day  and  that  of  even  four  or  five  years  ago  is  a  case 
in  jjoint.  Before  that  time  experimentation  was  the  order  of  the  day, 
and,  necessarily,  engineers  who  specified  work  had  to  jjush  to  get  the 
manufacturer^  to  j^erfect  their  jjroduct.  Now,  however,  they  know 
Avhat  they  can  produce  economically,  and  which  will  answer  the  pur- 
poses for  which  it  is  required  perfectly  well,  and  have  boldly  made 
known  to  all  what  they  can  and  will  make  at  a  fair  price,  and  that  all 
fancy  requirements  must  be  paid  for  at  an  increased  figure.  Designing 
engineers,  consequently,  in  justice  to  their  companies  or  clients,  have 
taken   to   specifying   their   steel   more  in  accordance  with  the  manu- 
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facturers'  methods,  and  are  designing  their  structnres  to  meet  the  qual-  Mr.  Moulton. 
ities  of  material  so  made  with  miich  surer  knowledge  of  the  uniformity 
of  their  material,   and  ^dth  a  resulting  economy   in    the   cost    of  the 
stnictiu'e. 

While  a  specification  by  a  railroad  comi^any  must  state  just  what 
is  required  and  bring  outi^oints  which  jjarticular  experience  has  shown 
to  be  necessary,  yet  it  should  be  broad  enough  to  allow  the  special 
knowledge  of  the  manufacturing  engineers  to  be  available  and  thus 
lead  to  a  saving  in  cost  of  work  and  to  getting  the  best  method  worked 
out  for  meeting  whatever  special  conditions  may  obtain. 

The  writer  does  not  see  the  force  of  the  author's  statement  that  it 
is  impracticable  to  obtain  fixed  end  conditions  in  columns.  Struts 
solidly  riveted  in  with  rivets  enough  to  take  the  whole  strain  would 
a^jproach  the  condition  of  fixed  ends  pretty  closely. 

Regarding  the  proportioning  of  details  for  live  and  dead-load  strains, 
the  most  prevalent  practice  of  proportioning  the  joints  for  the  com- 
bined live  and  dead-load  strain  would  err  on  side  of  safety,  and  the 
writer  believes  that  the  present  practice  in  rivet  units  is  based  on  ex- 
periments more  nearly  ajaproaching  live-load  than  dead-load  strains. 

As  the  author  truly  states,  the  paint  question  is  very  controversial, 
but  when  pure  oil  is  put  on  as  a  shop  coat,  and  has  several  weeks  to 
dry,  the  writer  has  found  that  the  surface  produced  nearest  resembles 
that  of  glass  or  varnish,  and  that  the  difficulties  in  mixing  and  apply- 
ing a  pure  red  lead  coating  to  such  a  surface  are  such  that  the  men 
"experienced  in  this  work  "  must  be  trained  in  some  other  sphere  than 
this,  and  be  nearer  perfection  than  any  bridge  men  whom  it  has  been 
his  good  fortune  to  engage,  to  get  results  a^  satisfactory  as  those 
obtained  with  paints  of  a  lighter  body. 

The  writer  cannot  believe  that  it  is  best  to  be  so  rigid  as  the  author 
is  in  his  general  provision  that  no  member  shall  be  subject  to  alternate 
strains.  This  would  be  proper  in  a  pin-connected  structure,  but  in  a 
riveted  structure  it  would  militate  against  economy  of  design  in  many 
cases.  Possibly  the  author's  meaning  is  misapprehended,  and  it  should 
be  noted  that  he  provides  a  method  for  proportioning  members  sub- 
ject to  alternate  strains. 

In  obtaining  net  sections  of  riveted  tension  members  the  author's 
rule  seems  rather  severe,  as  in  the  case  of  rivets  staggered  about  45° 
or  less,  it  would  cause  all  lines  of  rivets  to  be  deducted. 

The  writer  cannot  see  why  in  steel  the  zigzag  section  should  be  taken 
at  three-fourths  value.  In  some  riveted  bridges  this  method  of  treat- 
ment would  make  the  bottom  chords  10  to  15%  heavier,  without  justi- 
fication by  any  experiments  which  have  come  to  the  writer's  knowledge. 

In  specifications  for  quality  of  material  the  author  leaves  out  bend- 
ing or  drifting  tests  entii-ely.  Surely  these  should  be  provided  for,  if 
only  for  confirmation  of  other  results. 
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Mr.  Moulton.  In  specifying  about  wrought  iron  a  very  fine  quality  is  called  for. 
The  writer  notes  no  provision  for  its  use  in  the  structures,  i.e.,  no 
special  unit  strains  for  iron.  If  only  used  for  fillers,  why  specify  iron 
of  so  high  a  grade  ?  Should  it  not  be  stated  just  what  parts  may  be  of 
iron  ? 

The  author  specifies  that  threads  cut  on  steel  shall  be  filleted.  If 
this  is  necessary  on  soft  steel,  should  there  not  be  a  provision  against 
square  corners  in  re-entrant  angle  cuts,  such  as  occur  where  the  flange 
of  a  channel  or  beam  is  blocked  off  ? 

Why  are  open  turn-buckles  barred  out  ? 

Regarding  inspection  of  work  in  shops,  the  writer  thinks  it  would 
pay  the  railroad  company  to  employ  a  comjaetent  inspector,  who  would 
have  some  other  functions  than  that  of  notifying  the  manufacturer  of 
defects,  when  he  felt  so  disposed.  According  to  the  author,  it  seems 
that  the  manufacturer  would  be  forced  to  either  ignore  the  inspector 
entirely,  as  having  no  authority,  or  be  subject  to  delays  for  consulta- 
tion with  the  engineer  during  the  various  stages  of  the  work. 

Doubtless  the  contractor  should  not  be  released  from  responsibility 
in  case  of  defects  discovered  after  the  work  leaves  the  shoj),  but  unless 
the  engineer  were  at  the  shop  very  frequently  work  Avhich  would 
never  be  discovered  at  the  site  of  the  structure  might  go  through 
imdiscovered  by  an  inspector  of  the  grade  indicated.  It  would  seem  to 
be  better  to  have  a  first-class  insi^ector  to  whom  should  be  delegated  the 
authority  to  jjass  materials  and  work,  unless  it  is  the  meaning  of  this 
clause  that  the  engineer  shall  go  to  the  shop  and  jjass  on  all  the  work 
before  shii^ment. 
Mr.  Rickett-s.  Palmek  C.  Ricketts,  M.  Am.  Soc.  C.  E. — The  author  has  pre- 
sented a  very  interesting  j^aper,  and,  as  might  be  inferred  from  his 
varied  experience  in  structural  design,  his  general  si)ecifications 
would  insure  the  construction  of  safe  and  durable  bridges. 

It  should  be  remembered,  however,  in  considering  the  paper,  that 
there  are  three  reasons  why  the  use  of  formulas,  depending  upon  the 
fatigue  experiments  of  the  German  experimenters,  in  the  design  of 
the  pieces  of  ordinary  structures,  is  not  necessarily  rational.  The 
pieces  used  by  the  experimenters  were  small;  were  neither  full-sized 
nor  built  pieces;  and  the  method  of  loading  was  different  from  that  to 
which  ordinary  structures  are  subjected.  In  a  given  time  the  number 
of  applications  of  the  load  in  the  experiments  greatly  exceeded  the 
number  to  which  ordinary  structures  are  subjected.  The  safe  allowed 
unit  stresses  in  structures  subjected  to  moving  loads  are  much  smaller 
than  any  of  those  which  were  shown  by  the  experiments  to  injuriously 
aflfect  the  material  used. 

It  is  well  known  that  in  the  design  of  full-sized  pieces  it  is  in  some 
cases  irrational  to  use  the  constants  obtained  from  exj^eriments  on 
small  specimens,  even   when  the  method  of  loading  the  sjaecimens  is 
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substantially  the  same  as  that  to  which  the  full-sized  pieces  will  be  Mr.  Ricketts. 
subjected.  It  is  well  known  that  rest  may  remove  even  an  apparent 
set;  and  there  is  no  proof  that  a  rest,  equal  to  the  length  of  time 
between  trains  on  a  railroad  bridge,  does  not  remove  every  evidence 
and  effect  of  strain  in  the  pieces  of  a  structure  properly  designed 
without  the  use  of  a  fatigue  formula.  Some  of  "Wiihler's  experiments 
show  the  very  great  difference  in  resistance  offered  by  the  specimens 
for  a  small  diminution  of  the  load,  even  when  both  loads  were  com- 
jjaratively  large;  very  much  larger  than  the  safe  allowed  unit  stresses 
nsed  in  the  design  of  ordinary  structures. 

All  these  things  should  be  carefully  considered  in  deciding  whether 
fatigue  formulas,  founded  upon  any  experiments  yet  made,  should 
be  used  in  ordinary  structural  design.  It  is  not  maintained  that  such 
formulas  are  wholly  irrational,  but  it  cannot  be  shown  that  they  are 
more  rational  than  the  methods  of  projDortioning  in  common  use, 
which  have  been  developed,  without  the  use  of  fatigue  formulas,  from 
general  knowledge  of  structiiral  materials  and  from  observation  of 
existing  structures. 

These  remarks  refer  to  the  design  of  structures.  The  use  of 
fatigue  formulas  is  much  more  rational  in  the  design  of  quickly 
reciprocating  parts  of  machines,  such  as  the  side  bars  of  locomotives. 

C.  E.  FowLEK,  M.  Am.  Soc.  C.  E. — The  extended  use  of  Laun-  Mr.  Fowler, 
hardt's  formula  would  seem  to  be  evidence  that  most  bridge  engineers 
have  become  convinced  that  it  represents  actual  conditions  more 
nearly  than  does  any  other  method  of  dimensioning.  That  the  form 
is  the  correct  one  for  a  formula  for  unit  stresses  would  seem  easily 
2)roven  from  a  purely  theoretical  course  of  reasoning. 

Nearly  twelve  years  ago  the  writer,  then  employed  as  bridge  en- 
gineer on  an  important  line  of  railroad,  had  occasion  to  decide  how 
high  the  unit  stresses  should  go  under  actual  loadings  in  use,  before 
many  old  bridges  on  the  road  should  be  condemned.  It  was  the  cus- 
tom among  many  engineers  of  roads  in  that  locality  not  to  call  a 
bait  until  20  000  lbs.  per  square  inch  on  iron  had  been  reached.  This 
seemed  to  the  writer  to  be  very  unwise,  and  a  method  for  determining 
the  allowable  unit  stresses  was  accordingly  developed,  and  published* 
some  time  later. 

Starting  with  the  premise  that  pure  live  load  is  twice  as  destructive 
as  pure  dead  load,  proof  of  which  may  be  found  in  Hankine  or  Burr, 
it  will  be  seen  that  when  a  bridge  member  is  subjected  to  all  dead 
load  the  unit  stress  may  be  allowed  to  nearly  equal  the  elastic  limit 
without  danger,  but  when  it  is  subjected  to  all  live  load  the  unit 
stress  must  not  exceed  one-half  the  elastic  limit  of  the  material;  for 
while  actual  live  loads  may  never  equal  theoretically  pure  live  loads, 
they  may,  in  some  cases,  apiDroximate  them  so  closely  as  to  leave  only 
*  Engineering  News,  April  6,  1889,  p.  315. 
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Mr.  Fowler,  a  small  margin  for  safety.     Letting  Min.  B  represent  the  minimum 
stress  on  a  member  and  Max.  B  the  maximum  stress  on  the  member, 

then,  when  the  stress  is  all  caused  by  dead  load  -r-^ — ^— ^  =  1,  and  when 

•^  Max.  B 

the  stress  is  all  caused  by  live  load  =-= — '- — =  =  0. 

Max.  B 

Letting  /S' represent  the  maximum  allowable  unit  stress  and  E  the 

.  E 

elastic  limit  of  the  material,  then  — r-  will  represent  the  superior  limit 

of  stress  Avhen  the  load  is  all  live,  or,  as  ,-= — '■ — ^^  =  0,  the  unit  stress 

Max.  B 

allowable  will  be  obtained  by  multiplyine;  --r-  bv  1  +  -;v     '    td  or  by 

"      ^    2       '  Max.  B 

unity. 

E 
When  the  load  is  all  dead,  then  --^  must  be  multiplied  by  2,  or,  as 

Min.  B  .     ^..  .         -.in,    Min.   B 

^=rjf Y\  lo  this  case  equals  unity,  by  1  +  ^^^ =:. 

Max.  B  ^  J'     .       1    ]vjax.  B 

In  either  case  «S  =  -^  (  ^  +  iv? — ^r  )  '  ^^^^  giving  a  rational  method 

with  which  to  replace  a  dangerous  assumption,  and  a  formula  iden- 
tical in  form  with  Launhardt's.  The  results  from  its  use  were  very 
gratifying,  indicating  unit  stresses  ranging  from  14  000  to  18  000  lbs. 
per  square  inch  for  iron,  where  it  had  been  customary  to  allow 
20  000  lbs. 

That  a  formula  of  this  kind  can  be  obtained  from  a  purely  theoret- 
ical foundation,  by  ordinary  algebraic  methods,  would  seem  an  addi- 
tional argument  in  favor  of  the  retention  of  Launhardt's  formula  in 
bridge  si^ecifications.  With  easily  constructed  tables  and  a  slide  rule 
to  facilitate  calculations,  it  is  believed  also  that  this  is  the  simplest  of 
all  rational  methods  of  dimensioning. 

The  method  given  in  the  specification  for  the  addition  of  impact  is 
certainly  more  rational  than  the  common  one  of  making  the  span 
length  the  criterion  as  to  the  j^ercentage.  Speaking  from  an  extended 
experience  with  specifications  using  imj^act  additions,  th6  writer, 
however,  cannot  believe  it  to  be  other  than  a  needless  encumbrance  to 
calculations.  Perhaps  when  some  of  the  series  of  experiments  which 
are  under  way  to  determine  the  actual  effect  of  live  load  are  completed, 
a  method  may  be  devised  which  will  almost  exactly  represent  actual 
conditions.  Until  this  can  be  done,  it  is  to  be  regretted  that  any  fur- 
ther modifications  of  existing  modes  should  be  j^roposed.  No  one 
suffers  to  any  great  extent  except  the  estimating  departments  of  bridge 
companies,  where  sudden  changes  from  one  specification  to  another, 
repeated  many  times  during  the  day,  are  not  only  confusing,  but  ab- 
solutely disheartening  to  the  wisher  for  more  uniformity,  besides, 
being  the  feature  which  adds  most  to  the  severe  labor  of  estimating. 
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The  -reduction  of  the  commonly  accepted  value  for  the  coefficient  Mr.  Fowler, 
of  sliding  friction,  20%"  to  15%,  would  be  advisable  when  the  effect 
was  to  decrease  the  stress,  but  where  the  stress  would  be  increased, 
20%  would  more  nearly  represent  actual  conditions. 

While  every  engineer  may  find  occasion  at  times  to  use  rivets  in 
tension,  yet,  to  sanction  the  jjractice  in  a  specification  is  to  cause 
license  to  become  liberty  and  give  unscrupulous  designers  an  excuse 
for  bad  details. 

With  such  extended  use  of  concrete  for  foundations  a  value  should 
be  given  for  bearing  on  concrete  masonry,  and  it  would  seem  a  small 
matter  to  give  different  values  for  different  kinds  of  stone. 

Under  "Details  of  Design,"  it  is  specified  that  no  part  of  the  web 
shall  be  counted  as  flange  section.  In  the  large  girders  now  being 
biiilt  for  heavy  loadings,  the  number  of  cover  plates  to  be  piled  up  can 
be  very  wisely  reduced  by  carefully  designed  longitudinal  web  splices 
which  will  develop  the  strength  of  one-sixth  the  web  for  flange  sec- 
tion, and  certainly  no  objection  can  be  found  to  this  with  webs  of 
from  I  to  I  inch  in  thickness. 

The  provision  for  fully  splicing  the  flanges  of  girders  is  a  wise  one, 
as  no  dependence  can  be  placed  on  the  abutting  of  plates  or  angles  ; 
for,  no  matter  how  carefully  they  are  planed  and  fitted,  they  are 
almost  sure  to  draw  apart  in  riveting. 

The  method  of  proportioning  tie  plates  for  transferring  the  stress 
borne  by  each  segment  is  the  only  logical  one,  and  should  be  adopted 
in  all  important  specifications. 

The  requirements  as  to  length  of  span  which  shall  require  rollers 
have  never  been  correctly  stated  in  any  specification.  The  providing 
of  rollers  should  not  depend  alone  upon  span  length,  but  also  upon 
the  weight  sujjported  or  size  of  bearing  plate,  using  them  when  the 
size  of  bearing  exceeds  200  sq.  ins. 

Other  things  being  equal,  the  best  designed  pin-connected  bridge 
is  that  in  which  the  eye-bars  are  packed  as  nearly  parallel  to  the 
axis  of  the  bridge  as  possible,  disregarding  the  requirement  to  so 
pack  them  that  the  moment  on  the  pin  would  be  a  minimum,  figuring 
the  pin  after  the  bars  were  properly  packed  and  using  the  size  so  ob- 
tained, provided  it  was  reasonable,  and  only  in  case  it  was  not,  adopt- 
ing some  other  arrangement  for  packing. 

Under  "  Quality  of  Material,"  the  steel  is  specified  to  have  an  ulti- 
mate strength  of  from  52  000  to  60  000  lbs.  per  square  inch.  Not  only 
is  this  out  of  the  ordinary  limits  of  most  mills,  and  consequently 
somewhat  hard  to  obtain  promptly,  but  the  writer  believes  that  a  vote 
of  those  interested  would  show  a  decided  majority  in  favor  of  a  soft- 
medium  steel,  having  an  ultimate  strength  of  from  55  000  to  65  000 
lbs.  per  square  inch. 

A  feature  under  the  heading  "  Workmanship,"  worthy  of  commen- 
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Mr.  Fowler,  dation,  is  the  requirement  for  the  assembling  in  the  shop  of  adjacent 
chords  and  spliced  members  which  are  to  be  field  riveted.  This  will 
meet  with  strenuous  objection  from  shop  peoj^le  and  will  doubtless 
add  to  the  cost  of  work;  but  it  will  prevent  many  misfits  and  much 
butchery  in  the  field,  to  the  great  betterment  of  the  work. 

The  subject  of  "Painting  "  is  one  about  which  the  last  chapter  will 
not  be  written  for  many  years,  and,  until  then,  it  behooves  the  pur- 
chaser to  see  that  the  material  is  kept  from  the  weather  as  much  as 
jjossible  until  it  shall  have  received  its  first  coating.  This  first  coat- 
ing will  never  adhere  perfectly  until  the  mills  shall  devise  some  means 
for  removing  the  scale  from  steel,  or  until  the  bridge  shops  are  pro- 
vided with  facilities  for  luckling  the  steel  to  remove  the  scale. 

While  a  specification  like  the  author's,  with  siich  a  large  number 
of  commendable  features,  calls  out  such  an  interesting  presentation 
of  experience  from  engineers,  it  is  most  sincerely  to  be  hoped  that  the 
time  is  not  far  distant  when  the  effort  will  be  for  reducing,  instead  of 
increasing,  the  number  of  bridge  specifications. 
Mr.  Snow.  J.  P.  Snow,  M.  Am.  Soc.  C.  E. — If  projjer  limits  are  assumed  it 
makes  but  little  diff'erence  in  the  final  results  whether  the  live  load 
is  augmented  by  some  multiplier  and  added  to  the  dead  load  and  a 
constant  unit  strain  used,  or  a  reasonable  impact  allowed  for,  and 
varying  unit  strains  used.  There  is  undoubtedly  a  little  less  work 
in  proportioning  the  parts  of  a  bridge  by  the  former  method  than  by 
the  latter,  but  the  difi'erence  is  slight  when  projjer  tables  and  the  slide 
rule  are  used.  In  the  opinion  of  the  writer,  a  sj^ecification  and  strain 
sheet  are  more  intelligible  when  actual  strains  plus  reasonable  impact 
are  shown  and  varying  units  used,  than  when  a  system  like  that  rec- 
ommended by  the  author  is  used. 

It  would  seem  that  the  imjiact  produced  by  unbalanced  drivers 
and  defective  track  and  wheels,  would  better  be  provided  for  by  a  cer- 
tain actual  load  applied  at  any  one  point  in  the  length  of  the  span. 
The  blow  from  a  flat  wheel,  for  instance,  will  be  the  same  in  actual 
amount  on  a  10-ft.  span  as  on  one  of  100  ft.  The  practice  on  the 
Boston  and  Maine  Railroad  is  to  provide  for  an  impulse  at  any  point 
equal  to  a  static  load  of  12  500  lbs.  in  excess  of  the  typical  load,  when 
figuring  for  consolidation  engines  ;  and  15  000  lbs.  when  using  the 
two-axle  load.  The  different  schemes  of  percentages  used  by  various 
designers  approximate  this. 

The  variation  of  strains  should  certainly  be  applied  to  all  connec- 
tions fully  as  much  as  to  the  main  members. 

The  Launhardt  formula,  as  modified  by  William  Cain,  M.  Am.  Soc. 

C.  Fi.,  a  =  u   (  1  +  TvT^)'    ^^   intended   to    cover   both   impact   and 

fatigue.     If  identical  coefiicients  are  used  with  this  and  the  2  to  1 
method,  the  same  results  will  be  obtained  at  the  limits  of  all  live  load 
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aud  all  dead  load,  Init  at  intermediate  points,  the  two  methods  vary  Mr.  Snow, 
as  much  as  12  per  cent. 

Wohler's  experiments  with  vahies  of  qri^^  between  the  limits  of  0 

and  1  seem  to  l)e  altogether  too  few  to  build  on  to  siich  an  extent  as 

has  been  done.     When  plotted  with  values  of  ^ — '  for  abscissas  and 

unit  strains  for  ordinates  they  fit  the  Cain  formula  fully  as  well  as  the 
author's  curve  ;  showing  a  tendency  to  fall  in  a  straight  line  or  in  a 
curve  that  is  convex  ujjward  rather  than  in  a  curve  convex  downward, 
as  is  the  2  to  1  formula.  The  jioints  are  so  few  that  it  seems  ridicu- 
lous to  contend  that  any  jjarticular  formula  is  established  by  them. 
The   experiments    as    a    whole  undoubtedly  prove   that    the   internal 
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structure  of  material  is  changed  by  strain  ;  that  the  molecules  move 
one  on  another,  and  that  if  the  strain  is  great  enough  to  make  this 
movement  continuous  each  time  the  load  is  applied  that  the  piece 
will  ultimately  break.  It  is  doubtful,  however,  if  the  actual  strains 
usually  occurring  in  good  practice  will  produce  this  effect.  It  is 
likely  that  a  condition  of  increased  elasticity  and  decreased  ductility 
will  be  reached  that  will  totally  resist  all  further  molecular  change 
under  the  strain  applied.  Probably  the  jar  and  tremor  produced  by 
a  moving  load  in  a  member  when  under  heavy  strain  is  more  effective 
in  producing  this  rearrangement  of  molecules  than  the  absolute  range 
from  maximum  to  miniumm  in  ordinary  bridges. 

To  express  the  effect  of  jar  on  a  member  by  means  of  a  formula  is 
altogether  beyond  the  capacity  of  science  at  present,  and  it  seems  that 
a  reasonable  course  to  pursue  is  to  adopt  a  scheme  of  impact  adjust- 
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Mr  Snow,  ment  or  unit  strain  variation,  or  both,  based  on  actual  observation  of 
various  types  and  sizes  of  bridges.  A  scheme  that  produces  unsatis- 
factory bridges  is  not  right  even  if  it  is  based  on  some  interpretation 
of  Wohler's  experiments. 

Perhaps  a  fair  way  to  compare  the  practice  of  diflferent  designers 
regarding  impact  and  fatigue  is  to  assume  certain  live  and  dead  loads 
for  diflferent  span  lengths,  apjDly  the  various  rules  prescribed  for  im- 
pact and  unit  strains,  divide  the  modified  loads  by  the  allowable 
strains,  and  divide  the  sum  of  the  assumed  dead  and  live  loads  by  this 
quotient.  The  result  of  this  division  will  be  the  unit  strains  produced 
by  the  actual  load  considered  as  static.  The  diagram,  Fig.  4,  shows  the 
results  of  this  calculation  as  applied  to  the  author's  recommendations; 
Cooper's  General  Specification,  1896  ;  Greiner's  Baltimoi-e  and  Ohio, 
1896  ;  Pegram's  Union  Pacific,  1895  ;  Schneider's  Pencoyd,  1895  ;  and 
the  Boston  and  Maine,  1896. 

The  assumed  loads  were  obtained  from  a  diagram  of  weights  of 
iron  bridges  and  corresponding  uniform  live  loads  published  by  G.  H. 
Pegram,  *  M.  Am.  Soc.  C.  E.     Class  D  was  used  ;  the  equivalent  load 

per  foot  being  +  3  600.     A  track  load  of  400  lbs.  per  foot  was 

span 

added  to  the  diagram  weight  of  bridge,  and  the  sum  taken  as  the  dead 
load.  For  the  sake  of  obtaining  continiious  curves,  the  unit  strain 
prescribed  for  eye-bar  tension  was  used  for  all  spans,  without  consid- 
ering the  change  for  shajies  prescribed  by  some  for  the  shorter  spans. 

If  the  weight  of  bridges  produced  by  the  individual  specifications 
had  been  deduced,  instead  of  using  the  diagram  weights  for  all  of 
them,  the  unit-strain  curves  would  have  come  somewhat  nearer 
together,  but  the  relative  positions  would  be  very  nearly  as  shown. 

The  writer's  experience  would  lead  him  to  judge  that  the  author's 
specification  will  produce  disproportionately  heavy  bridges  of  30  ft. 
span  and  less,  when  compared  with  those  of  75  to  125  ft.  It  would 
seem  that  the  impact  allowance,  while  being  ample  for  the  shorter 
spans,  should  be  greater  for  the  longer  and  should  extend  to  those  of 
greater  lengths  than  is  projiosed. 

The  rigidity  of  a  bridge  is  of  fully  as  much  moment  as  its  ultimate 
strength.  In  recognition  of  this  principle,  and  to  discourage  the 
temptation  to  use  unreasonably  shallow  beams  and  girders,  the  Boston 
and  Maine  specification  contains  the  following  clause: 

' '  In  girders  the  flange  units  shall  be  modified  by  the  ratio  of  eflfec- 
tive  depth  to  length  as  follows: 

"  The  tension  unit  shall  be  rt  (  I  +  -7-))  iii  which  (/  is  the  strain 

depth  and  I  the  effective  length  of  the  girder.  But  it  shall  never  ex- 
ceed Ij  times  the  value  of  a." 

*  Engineering  News,  Vol.  xxv,  p.  29. 
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The  tension  unit  corresponding  to  the  ratio  of  ^r-^ — -  is  represented  Mr.  Snow. 
^  °  Max. 

by  a.     The  compression  unit  is  similarly  modified. 

A  similar  reduction  should  be  used  in  shallow  deck  and  pony 
trusses,  but  an  increase  for  deep  trusses  would  not  be  advisable,  as  the 
chords  are  light  enough  without  this  modification. 

A  somewhat  similar  assessment  on  long,  narrow  panels  of  lateral 
bracing  is  provided  for  by  the  following: 

"Tension  in   laterals  shall  not  exceed    10  000  lbs.    per   inch;    nor 

2  d ' 
10  000  -Jo-,  where  d  is  the  distance  center  to  center  of  trusses  and  I  the 

length  of  panel." 

It  is  siiggcsted  that  something  to  cover  these  points  would  be  an 
improvement  to  the  specification  under  discussion. 

Unless  riveted  trusses  are  ruled  out  altogether  by  the  specifica- 
tion, a  point  about  which  the  writer  is  uncertain,  it  would  seem  that 
there  should  be  two  formulas  for  struts.  The  compression  members 
in  the  webs  of  riveted  trusses  are  certainly  fixed,  and  the  ends  must 
necessarily  remain  straight  and  in  the  line  of  strain.  A  pin  may  tend 
to  hold  a  member  in  this  way,  and  it  may  not.  The  top  chords  of  pin 
trusses  should  certainly  not  be  considered  as  fixed,  and  those  of  a 
riveted  truss  are  only  partially  fixed.  It  is  the  custom  of  the  writer 
to  consider  partially  fixed  columns  as  hinged,  with  lengths  reduced  to 
two-thirds  or  three-fourths  the  actual  length  of  the  member.  The 
Rankine  formiila  allows  too  much  load  on  very  long,  slender  columns. 
It  is  suggested  that  some  limit  or  qualifying  clause  should  be  used  to 

rectify  the  formula  for  high  values  of 

There  seems  to  the  writer  to  be  no  good  reason  for  neglecting  the 
web  in  computing  the  moment  of  resistance  of  plate  girders.  The  edge 
of  the  web  plate  must  take  the  same  unit  strain  as  the  flange,  and  this 
must  decrease  toward  the  neutral  axis.  If  these  conditions  obtain, 
the  web  is  resisting  moment  and  must  be  carrying  load.  To  say  that 
the  web  is  left  free  to  carry  the  shear  by  neglecting  to  use  it  for  flange 
is  nonsense.  The  facts  of  mechanics  cannot  be  changed  by  assump- 
tions. The  claim  frequently  made,  that  omitting  the  web  in  the  flange 
computation  is  a  measure  of  safety,  is  caution  thrown  away.  Plate 
girders  need  no  special  favors  when  compared  with  other  types  of 
structures,  and  if  figured  with  all  the  latitude  that  can  be  defended, 
they  will  still  be  better  bridges  than  trusses  figured  to  the  same  units. 

It  is  not  apparent  why  open  turnbuckles  for  adjustable  members 
should  be  ruled  out.  The  preference  of  the  writer  is  exactly  opj^osite 
to  the  requirement  made  in  the  specification.  Sleeve  nuts  have  been 
known  to  be  split  from  end  to  end  from  the  freezing  of  water  which 
filled  the  space  inside  on  account   of  the  upiier  end  admitting  water 
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Mr.  Snow,  while  the  lower  end  was  tight.  Open  buckles  show  the  condition  of 
the  screw  ends  much  better  than  closed  sleeves,  and  can  be  kept  from 
rusting  much  more  effectually. 

The  author  uses  soft  steel  throughoiit.  Is  there  any  objection  to 
higher  steel  if  the  work  on  it  is  such  as  not  to  endanger  it?  The 
j)unch  and  shear  are  the  enemies  of  high  steel  in  ordinary  bridge  work. 
Eye-bars  may  well  be  of  medium  steel,  and  jjius  and  rollers  of  still 
harder  material.  Hard  steel  rollers  between  hard  steel  or  cast-iron 
plates  may  well  be  loaded  higher  per  lineal  inch  than  allowed  by  the 
author. 

It  is  certainly  well  for  engineers  to  discuss  frequently  the  vari- 
ous points  of  bridge  designing,  but  a  standard  sj^ecification  adojated 
by  so  high  an  authority  as  a  Committee  of  the  American  Society  of 
Civil  Engineers  is  probably  not  desirable.  Like  some  other  literature 
extant  it  might  be  made  to  mean  far  more  than  was  originally  intended. 
Furthermore,  the  sjiecification  does  not  design  the  bridge.  After  in- 
numerable standard  specifications  shall  have  been  written  it  will  still 
need  a  good  designer  behind  the  i^encil  in  order  to  get  a  good  bridge. 
Mr.  AVaddell.  J.  A.  L.  WADDEiii,,  M.  Am.  Soc.  C.  E. — The  author  deserves  the 
hearty  thanks  of  the  profession  for  presenting  a  paper,  the  discussion 
of  which  will  result  in  one  more  step  toward  the  attainment  of  that 
great  desideratum,  standard  sjaecifications  for  bridges.  The  writer, 
however,  is  of  the  opinion  that  the  revival  of  the  fatigue  theory  as  ap- 
plied to  bridges  is  a  step  backward.  The  paper  makes  it  very  clear 
that  such  a  thing  as  fatigue  of  metal  really  exists,  when  the  metal  is 
strained  above  what  is  commonly  termed  the  elastic  limit,  but  shows 
no  good  reason  for  assuming  that  it  will  apply  in  the  case  of  bridges. 

The  conditions  affecting  the  metal  in  the  tests  and  those  affecting  it 
in  bridges  are  essentially  and  fundamentally  different.  In  the  former 
the  load  is  applied  every  few  seconds  so  that  the  metal  has  no  chance 
to  recover  its  equilibrium  after  one  application  before  the  next  load 
comes  on,  the  intensity  of  stress  is  above  the  elastic  limit,  and  the 
number  of  api^lications  of  the  load  is  very  great;  while  in  the  latter 
the  loads  are  applied  at  comparatively  long  intervals,  even  in  elevated 
railroads,  so  that  the  metal  has  a  chance  to  recover  its  equilibrium  be- 
tween loads,  the  intensity  is  only  about  one-third  as  great  and  never 
half  as  great  as  that  used  in  the  tests,  and  the  total  number  of  appli- 
cations of  the  loading  is  comparatively  small.  Such  being  the  case, 
it  appears  to  the  writer  to  be  unsound  logic  to  deduce  that  Avhat  holds 
true  for  the  metal  in  the  tests  will  also  hold  true  for  the  metal  in  the 
structures. 

That  fatigue  of  metals  does  exist  is  recognized  even  by  the  unedu- 
cated. The  writer  was  struck  with  this  a  few  weeks  ago  when  fishing 
for  tarjDon,  with  piano  wire  snells  which  were  rather  light.  After  he 
had  just  lost  a  fish  by  the  breaking  of  a  wire,  the  boatman,  an  unedu- 
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cated  foreigner,  advised  that  he  use  two  or  three  snells,  one  each  day 
so  as  to  give  the  wires  a  rest,  and  assured  him  that  they  would  then 
break  less  often.  The  boatman  stated  that  he  had  found  this  out  from 
experience. 


In 


Mr.  Waddell. 


respect  to  reversing  stresses,  the  writer  believes  that  the  time 
element  is  a  most  important  factor,  or  that  if  the  condition  passes 
immediate  y  from  tension  to  compression,  then  to  tension  again,  etc.,  the 
eflect  will  be  much  more  injurious  than  in  the  case  where  the  metal  has 
a  chance  to  rest  between  the  applications  of  opposite  stresses 

A  glance  at  pages  142,  143  and  144  shows  that,  for  stresses  of  one 
and,  the  smallest  intensity  producing  rupture  is  in  excess  of  the  elas- 
tic limit,  and  that  for  stresses  of  opposite  kinds  the  sum  of  the  two 
intensities  when  rupture  is  produced  is  also  greater  than  the  elastic 
limit.     There  is  nothing  in  Wohler's  experiments  to  warrant  the  de- 
duction that  every  live  load  is  twice  as  destructive  as  a  dead  load. 
Ihe  live  load  of  the  experiments  was  probably  just  twice  as  effective 
as  a  dead  load,  in  that  it  was  applied  suddenly,  but  the  live  loads  on 
bridges  are  not  applied  suddenly;  /.  ..,  it  takes  an  appreciable  time  to 
bring  them  on      For  the  last  twenty-five  or  thirty  years,  engineering 
students  have  been  taught  the  mathematical  demonstration  that  a  sud 
denly  applied  load  produces  exactly  twice  the  extension  of  a  bar  in 
tension  that  the  same  load  applied  very  gradually  does;  and  the  cor- 
rectness of  the  theory  has  been  proved  by  actual  experiment.     This 
Klea  of  double  effect,  therefore,  is  no  new  thing;  nevertheless,  when 
It  IS  applied  to  bridge  members,  it  is,  in  the  writer's  opinion,  absolutely 
wrong.     Does  it  not  seem  evident  that  if  it  is  proper  to  apply  it  to  a 
panel  suspender,  it  would  be  anything  but  proper  to  apply  it  to  the 
bottom  chords  of  a  500-ft.  span  ?     This  question  is  one  of  ^actual  in- 
tensiUes  of  working  stresses,  and  can  be  settled  finally  only  by  experi- 

If,  for  instance,  it  is  known  that  under  the  worst  possible  circum- 
stances the  metal  in  any  eye-bar  of  a  bridge  is  strained  actually  not  to 
exceed,  say,  18  000  lbs.  for  medium  steel,  it  is  taken  for  granted  that 
can  never  be  worn  out  by  the  loading.  Why,  then,  need  engineers 
tiouble  themselves  to  make  investigations  concerning  the  least  as  well 
as  the  greatest  stress,  and  complicate  the  proportioning  fully  100^ 
simply  to  comply  with  some  experiments  that  -have  nothing  to  do 
witn  tJie  case  "  ? 

The  simplest,  most  scientific  and  most  satisfactory  method  is  to  add 
a  varying  percentage  to  the  greatest  live-load  stress  found  on  the  as 
sumption  of  static  loading,  the  proper  percentage  being  taken  from  a 
table.  It  IS  true  that  the  exact  values  of  these  percentages  are  as  yet 
somewhat  a  matter  of  conjecture,  but  some  day  they'certrm;  wTu 
forth!:  /  '  writers  opinion,  there  is  no  more  praiseworthy  task 
tor  the  American  Society  of  Civil  Engineers  to  undertake  than  to  in- 
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Mr.  Waddell.  vestigate  thoroughly,  by  nimierous  experiments  and  adequate  apparatus 
and  ai^pliauces,  the  actual  intensities  of  working  stresses  for  all  mem- 
bers of  all  approved  types  of  modern  steel  bridges.  It  would  take 
time  and  money  to  do  this— the  former  could  be  given  by  the  members 
of  the  Society,  and  the  latter  could  be  obtained  from  one  or  more  of 
America's  broad-minded  and  generous  millionaires,  provided  the  matter 
were  iH'ojjerly  presented  to  them. 

It  seems  to  the  writer  that  the  author  complicates  designing  by 
using  impact  and  the  Launhardt  formula  combined,  and,  certainly,  his 
proi:)Osed  impact  allowances  are  not  right,  as  they  reduce  to  zero  for 
spans  exceeding  80  ft.  in  length. 

The  paper  states  that: 

"  The  author  is  not  aware  of  any  specification  which  has  made  this 
distinction  between  Hve  and  dead  strains  in  projiortioning  details,  except 
those  which  adopt  the  Launhardt  formula  throughout." 

The  writer  published  the  following  in  1898.* 

"  In  spite  of  all  that  has  been  said  to  the  contrary  in  the  jiast,  or 
that  may  be  said  in  the  future,  the  impact  method  of  proportioning 
bridges  is  the  only  rational  and  scientifically  practical  method  of  de- 
signing, even  if  the  amounts  of  imjDact  assumed  be  not  absolutely 
correct;  for  the  method  carries  the  effect  of  imjiact  into  every  detail 
and  group  of  rivets,  instead  of  merely  affecting  the  sections  of  the 
main  members  as  do  the  other  methods  in  common  use." 

The  writer  endorses  most  heartily  the  author's  statement  that: 

"  The  details  are  the  most  important  part  of  a  structure,  and  those 
experienced  in  maintenance  will  testify  that  it  is  the  live  strain 
which  causes  loose  rivets  and  which  wears  out  the  bridge.  To  provide 
for  dead  and  live  strains  in  the  main  members,  while  making  no  such 
provision  for  the  details,  is  to  build  a  scientific  structure  upon  a  crude 
foundation." 

This  principle  was  really  the  true  raison  (VHre  for  the  writer's  book, 
before  mentioned,  and  will  be  found  to  pervade  it  from  beginning  to 
end. 

The  writer  also  endorses  most  heartily  another  statement  by  the 
author,  who,  in  speaking  of  inspection  says: 

"There  is  no  element  in  bridge  construction  more  important,  if 
properly  done,  yet  none  so  likely  to  be  neglected.  Few  appreciate  the 
importance  of  jjerfect  mechanical  work  until  they  maintain  the  struct- 
ures they  build. " 

In  the  specifications  proposed  by  the  author  it  is  stated  that:  "A 
type  of  truss  shall  be  used  in  which  the  strains  may  be  readily  cal- 
culated and  which  subjects  no  member  to  alternate  strains."  Com- 
pliance with  the  latter  portion  of  this  specification  would  involve  the 
abandonment  of  the  Warren  girder,  which  is  most  useful  for  deck 
structures,  and  rigid  diagonals  near  the  middle  of  truss  bridges,  and 
would  force  designers  into  using  adjustable  counters,  a  tyj^e  of  con- 
struction which  is  rapidly  becoming  antiquated. 

*  "De  Pontibus,"  p.  7. 
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The  distance  of  12  ft.  6  ins.  between  centers  of  raili-oad  tracks  is  Mr.  Waddeli. 
too  small.     Most  roads  require  13  ft.,  and  some  of  them  more. 

The  reason  for  not  spreading  stringers  farther  apart  between 
centers  than  their  depth  is  not  apparent  to  the  writer. 

The  writer  believes  that  an  assumed  wind  pressure  of  50  lbs.  per 
square  foot  on  an  empty  bridge  is  altogether  too  high,  and  is  entirely 
unwarranted.  All  ordinary  single-track  railroad  bridges  with  eye- 
bar  bottom  chords  would  double  up  like  jack-knives  under  such  a 
pressure. 

It  seems  unnecessary  to  proportion  the  compression  flanges  of  a 
plate  girder  by  formula;  because,  if  it  be  stiffened  properly  by  brac- 
ing, the  same  section  as  that  used  for  the  tension  flange  will  be  ample. 

In  specifying  300  lbs.  per  square  inch  as  the  greatest  allowable 
pressure  on  masonry,  the  author  would  load  common  masonry  too 
high,  and  would  not  load  the  highest  classes  as  much  as  would  be 
legitimate.  Surely  there  ought  to  be  some  distinction  in  this  par- 
ticular between  American  natural  cement,  concrete  or  brickwork,  and 
granite  of  the  best  qiiality. 

On  page  159,  what  is  meant  by  "  unequal  tearing  "?  It  appears  to 
be  an  unfortunate  term.,  as  any  tearing  whatsoever  would  be  likely  to 
soon  cause  the  destruction  of  the  bridge. 

The  writer  believes  that  the  web  of  a  plate  girder  certainly  aids 
the  flanges  in  resisting  bending,  and  therefore  ought  to  be  figured  on 
as  so  doing.  If  a  designer  feels  confident  that  this  is  the  case,  he  is 
not  likely  to  put  in  splice  plates  proportioned  only  for  shear  and  in- 
adequate to  develop  the  full  strength  of  the  web  acting  as  a  beam. 

The  writer  takes  exception  to  the  clause  of  the  specifications  which 
compels  the  use  of  cover  plates  from  end  to  end  on  all  plate  girders. 
They  are  an  intolerable  nuisance  to  the  trackmen  on  account  of  the 
rivet  heads.  In  elevated  railroad  work  cover  plates  are  barred  out 
for  this  reason.  Can  the  author  show  good  reason,  from  practical  ex- 
l^erience  in  maintenance,  for  this  requirement? 

In  respect  to  the  stipulation  that  "all  segments  of  members  in 
compression,  connected  by  strapping  only,  shall  have  terminal  cross- 
bracing  plates  at  each  end,  the  rivets  and  net  section  of  which  shall 
be  sufiicient  to  transfer  the  total  maximum  strain  borne  by  the 
segment,"  the  writer  would  state  that  once,  years  ago,  when  acting 
as  contractors'  engineer,  and  when  endeavoring  to  make,  in  the  office 
of  the  consulting  engineer,  who  had  inserted  a  similar  clause  in  his 
specifications,  a  design  to  satisfy  the  said  engineer,  he  found  that  in 
one  span  the  batten  plates  would  not  only  meet  at  the  middle  of  the 
panel,  but  would  have  to  lap  past  each  other. 

Friction  rollers  2|  ins.  in  diameter  are  rather  small.  The  writer's 
limit  is  3  ins.,  and  it  is  not  unlikely  that  this  also  is  too  low.  Rollers 
of  small  diameter  are  likely  to  rust  and  fail  to  act. 
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Waddell.  It  is  all  very  well  to  specify  in  respect  to  workmansliip  that:  '-'  The 
holes  shall  be  so  carefully  spaced  and  punched  that,  upon  assemblings 
no  variation  from  a  truly  opposite  position  of  more  than  one-sixteenth 
of  an  inch  will  occur  ";  but  there  is  no  bridge  shop  in  this  cortntry 
which  can  comply  regularly  with  this  requirement. 

The  writer's  specification*  is  about  as  stiff  as  the  shops  can  well 
bear. 

In  the  writer's  discussion  of  the  paper  entitled  "  The  Determina- 
tion of  the  Safe  Working  Stress  for  Railway  Bridges  of  Wrought  Iron 
and  Steel,"!  by  E.  Herbert  Stone,  M.  Am.  Soc.  C.  E. ,  he  made  a  com- 
parison of  the  "nominal  stresses"  involved  by  iising  the  impact 
formula  and  intensities  of  "De  Pontibus  "  with  those  given  by  Mr. 
Stone,  using  as  a  basis  the  bottom  chords  of  single-track  railroad 
bridges.  As  a  matter  of  curiosity,  the  corresponding  "nominal 
stresses  "  by  the  aixthor's  method  and  specifications  have  been  com- 
puted, and  the  results  have  been  recorded  in  the  following  table,  the 
author's  intensities  being  increased  so  as  to  correspond  with  me- 
dium steel  by  multiplying  them  by  the  ratio  of  ultimate  strengths, 
viz. ,  65  :  56. 


Span, 
in  feet. 


100 
200 
300 
400 
500 
600 


Live  load. 

Impact. 

4  266 

2  844 

4  030 

2  303 

3  860 

1  930 

3  760 

1  671 

3  700 

1  480 

3  660 

1  331 

Dead  load. 

1  630 

2  130 

3  820 

3  500 

4  226 
4  930 

Nominal  inten- 
sities per  "  De 
Pontibus." 


12  144 

13  102 

13  966 

14  631 

15  169 
15  585 


Nominal  intensi- 
ties by  tlie  author 
increased  for 
medium    steel. 


12  121 

12  630 

13  240 

13  765 

14  243 
14  651 


Percentage 

of 
difference. 


0.2 
3.6 
5.2 
5.9 
6.8 
6.0 


It  will  be  seen  that  the  author  and  the  writer  would  not  be  so  very 
far  ajDart  in  their  intensities  of  working  stresses,  if  they  were  using 
the  same  kind  of  steel.  However,  if  the  comi^arison  were  made  with 
web  members,  especially  where  the  stresses  reverse,  the  divergence 
would  probably  be  greater. 

There  is  one  point  not  directly  connected  with  the  paper,  but 
brought  out  by  a  comment  ui^on  it  in  one  of  the  technical  jjapers, 
which  the  writer  would  like  to  mention,  viz.,  that  in  his  sjaeci- 
flcations|  in  spite  of  the  use  of  an  impact  jDercentage,  there  are 
three  tensile  intensities  adopted.  The  exjjlanation  of  this  is,  that 
there  ought  to  be  a  distinction  between  steel  in  eye-bars  and  the  same 
metal  in  built  tension  members,  on  account  of  the  injury  to  the  latter 
by  punching,  etc.,  in  the  shop;  that  there  is  no  real  relation  between 

*  "  De  Pontibus,"  p.  254. 

t  Proceedings,  Am.  Soc.  C.  E.,  May.  1898,  p.  364. 

t  ''De  Pontibus,"  Chapter  xiv. 
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the  tension  in  an  eye-bar  and  tlie  extreme  fiber  stress  in  a  rolled  or  Mr.  Waddell. 
built  beam;  and  that  it  did  not  seem  practicable  to  so  adjust  the  im- 
pact formula  as  to  make  it  apply  to  both  chords  and  suspenders 
without  using  two  diflferent  intensities  of  working  stress.  Conse- 
quently the  sijecifications  give  18  000  lbs.  for  chord-bars  and  eye-bars 
in  diagonals;  16000  lbs.  for  shapes  in  same,  for  eye-bars  in  hip-verticals 
and  for  adjustable  truss  members;  and  14  000  lbs.  for  flanges  of  built 
beams  and  for  shapes  in  suspenders. 

Thkodoke  Coopek,  M.  Am.  Soc.  C.  E.  — The  remarks  made  by  the  Mr.  Cooper, 
writer  in  the  discussion  of  the  paper  on  "  The  Kentucky  and  Indiana 
Bridge,"*  are  the  views  he  would  now  express  as  applicable  to  the  sub- 
ject under  discussion. 

The  writer  believes  that  if  all  the  various  anomalous  ways  in  which 
retaining  walls  stand  up  or  fall  down  in  spite  of  the  theory  of  earth- 
works pressures,  were  classified  under  the  term  "fatigue  of  stone 
walls  "  it  would  be  generally  considered  as  "  absurd  and  unscientific. " 
The  term  "  fatigue  of  metals  "  is  equally  absurd  and  unscientific,  and 
has  been  a  stumbling  block  to  the  comprehension  of  the  true  principles 
governing  the  phenomena  classed  under  this  term. 

In  all  branches  of  science  the  working  theories  of  the  day  have  had 
to  be  rejected,  modified  or  broadened  as  new  phenomena,  observed  or 
exijerimental,  have  shown  the  deficiencies  of  the  existing  theories. 

The  theory  of  the  limit  of  elasticity  as  heretofore  held,  and  which 
was  based  upon  experiments  commencing  at  zero  and  extending  to 
some  determined  maximum  of  tension  or  compression,  falls  to  the 
ground  when  the  tests,  as  in  more  modern  experiments,  take  a  more 
miscellaneous  range.  It  does  not  follow,  however,  as  the  author 
states,  that  Wohler's  experiments  "entirely  destroyed  the  theory  of 
their  (the  metals')  perfect  elasticity,"  but  they  do  show  that  the  theory 
as  to  limit  of  such  jjerfect  elasticity  is  wrong.  Wohler's  tests  are  in 
fact  the  most  perfect  proofs  in  existence  of  the  perfect  elasticity  of 
steel  and  iron,  within  certain  determined  limits.  If  a  piece  of  metal 
remains  absolutely  unaltered  after  many  millions  of  applications  of 
strain  of  various  kinds  and  amounts,  could  any  better  demonstration 
of  its  perfect  elasticity  be  made  ? 

The  author  appears  to  have  become  confused  by  the  various  defini- 
tions of  the  term  "elastic  limit."  That  it  is  necessary  and  proper  for 
laboratory  refinements  to  "  split  hairs,"  need  not  bother  the  practical 
workers  in  any  science.  Part  of  the  confusion  arises  from  a  mis- 
understanding. Perfect  elasticity  and  uniform  elasticity  are  not 
necessarily  the  same  thing.  The  engineer,  from  a  practical  point  of 
view,  considers  a  structure  to  have  perfect  elasticity,  if  under  any 
number  of  repetitions  of  the  loading  it  remains  unchanged,  and  returns, 
after  rest,  to  its  original  form. 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xvii,  pp.  181-83,  October,  1887. 
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Mr  Cooper.  That  all  test  pieces  or  finished  structures  may  show  a  slight  set 
has  been  well  recognized  from  the  earliest  experiments,  and  is  due  to 
two  reasons:  first,  no  material  is  free  from  internal  or  initial  strains; 
second,  the  sluggishness  of  the  elasticity;  more  or  less  time  being  re- 
quired before  the  piece  can  return  to  its  original  condition. 

The  writer  cannot  agree  with  the  author  that  "this  slight  set  is 
j)robably  the  true  explanation  of  the  results  obtained  by  Wohler." 

On  the  contrary,  he  thinks  that  Wohler's  tests  show  clearly  that  for 
practical  purposes  this  small  set  does  not  affect  the  perfect  elastic  action 
of  the  material,  when  the  strains  are  confined  within  certain  limits. 

It  is  surprising  to  find  the  author  saying  that  "many  engineers 
have  preferred  the  concise  term,  'Yield  Point,'  but  others  still  adhere 
to  the  old  name,  'Elastic  Limit,'  trusting  to  a  considerate  i^rofession 
to  give  it  the  revised  interpretation."  Does  he  mean  to  assert  that 
"  yield  point "  is  more  concise  than  "elastic  limit,"  and  that  those 
who  use  the  term  "  elastic  limit "  are  alike  confused  in  regard  to  these 
two  points  ?  If  so  the  writer  desires  to  go  on  record  in  protest. 
Modern  commercial  testing  is  much  to  blame  for  this  lack  of  clearness 
of  view.  While  it  does  require  great  refinement  of  tests  to  determine 
with  minute  accuracy  the  exact  point  of  the  elastic  limit,  there  is  no 
difficulty  in  determining  it  near  enough  for  all  j^ractical  purposes, 
with  ordinary  care  or  ordinary  instruments  of  measui'ement.  The  com- 
mon commercial  method  of  determining  it  by  the  drop  of  the  scale  beam 
is  absolutely  false,  and  gives  errors  as  high  as  10  000  lbs.,  and  always 
in  excess  of  the  true  elastic  limit. 

It  is  time  for  those  who  believe  that  the  "Elastic  Limit"  is  the 
true  test  of  the  capabilities  of  structural  material  to  point  out  the  fal- 
sity of  these  determinations  and  insist  on  the  proper  methods  being 
used  occasionally,  as  checks  upon  the  cruder  and  false  methods.  Any 
claim  made  for  elastic  limits  of  ordinary  structural  steel  that  exceeds 
50%"  of  the  breaking  strength  may  be  looked  on  with  grave  suspicion, 
and  shotild  only  be  accepted  after  proper  methods,  carefully  worked 
out,  support  the  claims. 

The  coincidence,  shown  in  the  last  column  of  the  table,  on  page 
146,  is  interesting,  and  may  be  more  than  a  mere  accident,  but  the 
theory  formed  by  the  author  in  explanation  is  not  satisfactory. 

If  the  range  of  action  of  the  strains  is  considered,  the  same  figures 
result,  viz. : 

First. — The  strain  passes  from  zero  to  —  17  120  lbs.,  then  returns 
to  zero,  then  to  -f  17  120,  and  then  back  to  zero;  having  passed 
through  a  total  range  of  68  480  lbs. 

Second. — The  strain  passes  from  zero  to  —  34  240  and  back  to  zero, 
or  again  over  a  range   of  68  480  lbs. 

Third. — The  strain  passes  from  zero  to  —  47  080  and  back  to  — 
25  680,  which  also  covers  a  range  of  68  480  lbs. 
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This  coincidence  does  not  tend  to  prove  any  theory  of  work,  Imt  Mr.  Cooper, 
rather  to  show  the  probability  that  the  elastic  capabilities  of  this 
material  are  measured  by  the  sum  or  cycle  of  strains  through  which 
the  piece  passes,  which,  in  this  case,  is  68  480  lbs. 

Robert  Giles,  M.  Am.  Soc.  C.  E. — The  writer  cannot  agree  with  Mr.  Giles. 
the  author  that  the  experiments  quoted  form  a  sufficient  basis  on 
which  to  establish  a  formula  for  bridge  work.  In  the  bridge  work 
under  discussion,  it  is  assumed  that  the  metal  is  not  strained  up  to 
the  elastic  limit.  There  is  a  factor  of  safety  to  keep  it  well  within 
that  limit,  and  so  long  as  the  metal  is  not  strained  up  to  that  point, 
the  theory  of  the  fatigue  of  metals  will  not  apply.  The  writer  agrees 
with  the  author,  however,  in  making  the  dead-load  unit  strain  twice 
the  live  load,  and  is  also  thoroughly  in  accord  with  him  in  making 
provision  to  proportion  the  riveting  according  to  both  dead  and  live- 
load  strains. 

In  the  S23ecifications,  the  limit  of  5  ft.  for  the  spacing  of  stringers 
and  deck-plate  girders  seems  to  be  too  narrow,  and  in  standard-gauge 
track  would  bring  the  rails  directly  over  the  stringers.  A  better  limit 
would  be  6  ft.  6  ins. 

The  author,  besides  rating  the  live  load  at  twice  the  dead  load, 
provides  for  impact,  on  an  arbitrary  assitmption,  and  the  writer  con- 
siders that  with  the  projjosed  unit  strains,  impact  will  be  sufficiently 
provided  for. 

Although  providing  for  certain  wind  presstires,  the  author  does  not 
state  which  should  be  considered  as  dead  or  live  loads. 

In  regard  to  rivets  in  tension,  the  author  jjrovides  that  the  strains 
should  not  exceed  one-half  of  the  limit  allowed  for  sheai-,  which  may 
seem  a  low  enough  limit;  but  would  it  not  be  better  to  make  no  al- 
lowance for  rivets  in  tension,  and  make  any  details  requiring  them 
subject  to  special  ai^proval  ?  Eivets  in  tension  undoubtedly  do  con- 
siderable work,  as  can  be  seen  in  several  bridges  on  the  New  York 
Central  and  Htxdson  River  Railroad,  but  it  would  be  much  better  to 
avoid  using  them. 

The  author  provides  for  a  single  unit  stress  for  the  pressure  of  the 
rollers.  To  be  logical,  this  should  also  be  expressed  in  terms  of  the 
dead  and  live  loads. 

The  minimum  limit  of  4  ft.  between  stiflfeners  in  plate  girders, 
specified  by  the  author,  would  jirohibit  stiffeners  over  the  bed  jjlates 
and  points  of  local  loadings. 

The  author's  requirements  for  steel  are  too  low  for  such  pieces  as 
pins,  eye-bars,  roller  bearings  and  sliding  plates.  Steel  for  such 
members  should  have  an  ultimate  strength  of  not  less  than  64  000 
lbs.  ±  4  000  lbs.,  with  an  elongation  of  not  less  than  25  per  cent. 

The  writer  does  not  understand  the  clause:  "  When  bolts  are  used 
instead  of  pins,  a  variation  of  ru  in.  will  be  allowed  between  diameter 
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Mr.  Giles,  of  bolt  and  liole,"  when  the  author  has  just  specified  that  "no  varia- 
tion will  be  allowed  between  diameter  of  pin  and  pin  hole  of  more 
than  ^0  in." 

The  writer  would  suggest  that  specifications  for  painting  should 
provide  that  all  painting  be  done  under  cover,  and  that  no  work  be  al- 
lowed to  leave  the  shops  until  48  hours  had  elapsed  from  the  time  of 
the  application  of  the  paint.  Bridge  work  is  often  loaded  on  cars  while 
the  paint  is  still  green,  and  the  writer  has  heard  of  its  being  painted 
even  on  the  cars,  while  they  were  being  hauled  out  of  the  bridge  com- 
pany's yard. 

In  order  that  there  should  be  satisfactory  insjoection,  and  that  the 
railroad  company  should  know  what  sort  of  workmanship  they  are 
getting,  it  would  seem  to  be  a  good  thing  for  all  insjiectors  to  report 
in  detail  what  mill  and  shop  errors  are  found  during  the  manu- 
facture of  the  work,  and  the  writer  woiild  suggest  a  clause  to  that 
effect. 

Mr.  Greiner.  J.  E.  Grkinek,  M.  Am.  Soc.  C.  E. — The  practice  in  regard  to  certain 
features  in  bridge  design,  such  as  live  loads,  unit  stresses,  column 
formulas  and  imjjacts  is  assuredly  in  an  unsettled  condition.  This 
state  of  affairs  is  the  natural  result  of  a  quite  prevalent  inclination 
among  students,  engineers  and  contractors  toward  availing  them- 
selves of  their  unquestioned  prerogative  of  compiling  specifications 
whenever  they  please,  and  embodying  therein  such  individual  fancies 
as  may  give  the  appearance  of  originality. 

No  one  person,  acting  alone,  can  ever  hope  to  bring  about  any 
degree  of  uniformity,  so  long  as  this  prerogative  exists,  and  so 
long  as  the  conditions  involved  are  not  so  much  questions  of  fact,  but 
of  opinion,  where  each  individual  believes  his  own  dicta  to  be  about  as 
good  as  another's.  Engineers  will  not,  therefore,  acknowledge  any  one 
si^ecification  as  being  so  far  superior  to  all  others  as  to  be  specially 
worthy  of  general  adoption,  and  the  much-desired  uniform  practice 
can  be  attained,  if  at  all,  only  through  the  recommendations  of  a  body 
of  representative  engineers  who  are  willing  to  waive  their  own  indi- 
viduality for  the  sake  of  uniformity.  It  is  now  time  that  a  committee 
of  such  men  should  be  ai^pointed  by  this  Society,  men  who  have  the 
full  confidence  of  both  engineers  and  contractors,  because  the  exist- 
ing sisecifications  are  of  such  a  variety  as  to  indicate  to  the  ordinary 
layman  an  unsettled  condition  which,  to  say  the  least,  is  not  credit- 
able. 

An  engineer,  when  compiling  specifications,  should  not  lose  sight 
of  the  fact  that  two  interests,  namely,  those  of  the  railroad  company 
and  those  of  the  manufacturer,  are  so  closely  blended  that  good  and 
economical  structures  are  not  likely  to  be  obtained  unless  both  sides 
are  considered.  If  written  from  the  standpoint  of  the  engineer  only, 
a  good  bridge  may  result,  but  at  an  excessive  cost.     If  written  from 
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the  standpoint  of  the  manufacturer,  cheap  shop  work  will  probably  Mr.  Greiner. 
be  the  primary  consideration  and  the  bridge  may  lack  all  other  quali- 
ties. Substantial  and  economical  structures  are  demanded  by  the 
railroad  company,  and  every  specification  should  aim  to  embody  both 
of  these  features.  The  author  states  that  his  specifications  are  written 
from  the  standpoint  of  the  railroad  company. 

A  specification  should  be  explicit.  It  should  not  leave  to  the  de- 
cision of  the  contractor  such  important  details  as  floor  beam  and 
stringer  connections,  the  least  dimensions  of  jDosts  and  bracing,  and 

the  limiting  ratio  of  — .     There  are   manv  ways   of  connecting   floor- 
r 

beams.  They  can  be  riveted  to  jjosts  entirely  below  the  chord  pins, 
or  above  the  chord  pins  with  lower  flange  above  the  heads  of  eye-bars 
or  with  lower  flange  below  the  heads  of  eye-bars  and  on  the  line  with 
the  bottom  of  posts  and  connected  thereto  by  means  of  plates  which 
will  furnish  a  connection  for  lower  laterals.  Floor  beams  also  may  be 
suspended  by  single  or  by  double  yoke  hangers,  by  eye-bolts  or  by 
plates.  In  deck  bridges  they  may  rest  upon  the  upper  chords,  or 
be  riveted  to  jjosts  below  the  chords.  Stringers  may  rest  upon 
the  upper  flanges  of  floor  beams,  may  be  riveted  to  the  webs  of 
floor  beams,  or  be  both  riveted  to  webs  and  rest  upon  substantial 
brackets.  Since  all  sizes  and  thicknesses  of  angles  are  rolled,  the  con- 
tractor should  not  be  the  one  to  decide  whether  end-connection  angles 
of  stringers  and  floor  beams  should  be  f  or  f  in.  It  has  been  practically 
■demonstrated  that  some  of  the  above  methods  are  better  than  others, 
but  the  author  having  given  no  preference  for  the  best  will,  therefore, 
get  the  cheapest. 

The  light  lateral  bracing  used  a  decade  ago  in  spans  ranging  from 
20  to  150  ft.  can  hardly  be  considered  good  and  effective  for  bridges 
designed  for  a  50%"  increase  in  live  load.  This  bracing  is  not  put  into  a 
bridge  merely  for  the  i>urpose  of  sustaining  a  wind  pressure  of  30  lbs. 
per  square  foot;  in  fact,  a  through-truss  bridge  would  collaj^se  under 
a  light  live  load  in  a  perfect  calm,  if  the  lateral  bracing  should  be 
taken  out.  The  primary  object  of  lateral  bracing  is,  therefore,  to  tie 
the  structure  together,  to  resist  deformation  under  the  action  of  the 
live  load,  and  to  eliminate  lateral  vibration  as  much  as  possible.  In 
order  to  obtain  these  results  satisfactorily,  lateral  bracing  should  bear 
some  relation  to  the  parts  which  it  holds  together,  and  should  be  some- 
what more  substantial  in  abridge  carrying  138-ton  engines  than  in  one 
carrying  90-ton  engines.  The  theorist  cannot  estimate  the  amount  of 
material  necessary  for  these  primary  conditions,  nor  can  the  manu- 
facturer realize  what  they  are,  as  he  seldom  sees  his  output  in  actual 
service.  The  least  amount  of  bracing  to  be  used  in  any  case  is,  there- 
fore, a  matter  of  judgment  based  upon  field  observation,  and  every 
specification   which   aims   at  good  results  shoukl   fix   definitely  the 
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Mr.  Greiner.  least  amount  of  bracing  required,  no  matter  whether  the  wind  blows 
with  a  pressure  of  30  lbs.  per  square  foot  or  not. 

Some  provision  should  be  made  for  elevating  the  outer  rail  on  curves, 
as  this  can  be  done  in  a  variety  of  ways,  some  of  which  are  good,  but 
expensive,  while  others  are  vicious,  but  cheap.  The  contractor  should 
not  have  the  privilege  of  inserting  a  rectangular  raising  piece  under 
the  outer  rail,  which  he  will  probably  do  unless  the  engineer  specifies 
otherwise. 

A  specification  should  be  consistent.  If  some  of  the  best  types  of 
bridge  trusses  are  to  be  barred  out  because  they  have  members  sub- 
jected to  alternate  stresses,  there  is  no  necessity  for  describing  in  de- 
tail the  manner  in  which  the  sections  of  such  members  are  to  be 
determined.  If  a  unit  stress  of  1  400  lbs.  is  permitted  in  cross-ties 
resting  upon  stringers  spaced  7  ft.  apart,  why  should  this  stress  be  re- 
duced to  1  000  lbs.  when  the  stringers  are  a  few  inches  farther  apart? 
As  the  writer  understands,  operating  machinery,  including  gearing 
and  wedges,  is  a  part  of  a  certain  type  of  bridge,  and  is  usually  made 
of  cast  steel.  Why,  then,  should  it  be  sijecified  that  the  structure  shall 
be  wholly  of  rolled  steel  and  wrought  iron ;  and,  if  such  a  structure 
must  be  made  wholly  of  rolled  steel  and  wrought  iron,  why  specify  the 
quality  of  cast  iron?  If  the  specifications  are  for  "steel  railroad 
bridges "  as  given  in  the  title,  what  is  the  use  of  describing  the 
character  of  the  wrought  iron  to  be  iised,  especially  when  no  provis- 
ions are  made  for  unit  stresses? 

There  should  be  no  ambiguity  or  uncertainty  concerning  column 
formulas.     The  author  gives  the  formula 

^-P  (1  +  I8MJ7O 
for  finding  the  increased  stress  in  a  column,  due  to  flextire,  in  cases 
where  the  member  is  subjected  to  alternate  tension  and  compression, 
and  states  that  this  increased  stress  is  to  be  added  to  the  tensile  stress, 
the  resulting  unit  stress  not  to  exceed  that  si^ecified  for  live  load.  It 
is  not  positively  clear  whether  he  intends  to  use  a  tensile  or  com- 
pressive unit  stress,  as  both  are  sjaecified  for  live  stresses.  If  the 
ordinary  column  formula 

_  18  000 

"1+     " 


18  000  r« 

is  sufiicient  to  provide  for  compression  alone,  and  the  ordinary  unit 
stress  for  tension  alone,  why  should  it  be  necessary  to  increase  the 
compression  stress  when  the  column  is  also  subjected  to  tension?  The 
maximum  tension  makes  the  maximum  compression  neither  more  nor 
less,  and  the  writer  would  prefer  to  joroportion  the  area  for  each  kind 
of  stress  separately  and  then  add  the  two  areas  thus  found  for  the  re- 
quired area  of  the  sections. 
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Thei'e  are  jji-ovisions  iu  these  specifications  qnite  at  variance  with  Mr.  Greiner. 
the  writer's  practice,  but  as  they  are  mainly  questions  of  opinion,  dis- 
cussion would  be  ixseless.  Personally,  the  writer  has  more  confidence 
in  physical  tests  than  in  chemical  analyses,  and  believes  that  a  better 
knowledge  of  the  quality  of  the  steel  can  be  obtained  by  punching, 
drifting,  cold,  hot  and  qiiench-bending  tests  than  by  the  most  careful 
chemical  analysis.  The  analyses  indicate  physical  properties  not 
always  obtained,  while  severe  physical  tests  demonstrate  practically 
whether  or  not  the  metal  is  good,  indifferent  or  bad.  The  writer's 
practice  is  to  limit  the  phosjjhorus  only  and  to  rely  on  the  physical 
tests  for  defects. 

Edgak  Makburg,  M.  Am.  Soc.  C.  E. — This  paper  opens  the  way  Mr.  Marburg, 
once  more  to  a  discussion  of  the  conclusions  to  be  drawn  from 
Wohler's  famous  experiments  and  later  ones  of  a  like  general  char- 
acter. The  subject  has  been  presented,  however,  from  a  somewhat 
novel  point  of  view,  in  that  the  author  attempts  to  account,  on 
rational  grounds,  for  certain  coincidences  which,  so  far  as  they  have 
been  observed  at  all,  seem  to  have  been  regarded  heretofore  as  jjurely 
accidental. 

In  order  to  first  determine  indej^endently  how  nearly  the  approxi- 
mate constancy  of  what  the  author  terms  the  "  equivalent  dead  load  " 
[Min.  +  2  (Max.  —  Min)]  might  be  borne  out  by  Wohler's  results,  the 
Avriter  was  led  to  undertake  a  careful  examination  of  all  accessible 
literature  on  the  siibject.  In  this  examination  a  number  of  important 
errors  and  disagreements  were  discovered,  which  the  writer  thinks 
may  well  be  brought  to  more  general  notice.  They  are,  in  fact,  for 
the  most  part,  pertinent  to  this  discussion. 

Wohler's  summary  of  stress  limits,  within  which  rupture  was  not 
produced  after  a  vast  number  of  repetitions,  as  quoted  by  Bauschinger,* 
is  as  follows,  in  terms  of  centners  per  German  square  inch: 

Max.  Min. 

stress.  stress. 

(+160  —160 

Wrought  Iron. — I.  Phcenix  axle  iron,  supplied  in  1857. -v  -f^OO  0 

(  +440  +240 

I'-fSOO  0 

Cast  Steel—      H.  Untempered  spring  steel j  +^^JJ  +25fJ 

[+900  +600 

(  +280  -280 

III.  Kru^jp  axle  steel  supplied  in  1862  ■<  +480  0 

(  +800  +350 

With  the  exception  of  the  test  on  wrought  iron,  between  the  limits 

of  +440  and  +240,  these  values  were  obtained  from  bending   tests, 

the  modulus  of  rujiture  being  comi^uted  by  the  common  formula  for 

flexure. 

*  "  Bauschinger's  Communications  "  (1886),  Vol.  xiii,  p.  44. 
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Mr.  Marburg.  The  above  quantities  are  given  also  by  Sjjangenberg,*  with  the  ad- 
dition of  the  following  shearing  values,  computed  from  torsion  tests 
on  cast  steel,  by  the  common  formula  for  torsion : 


IV.   Krupj)  axle  steel  (cast) 


Max.  stress. 

\  +220 
•  ]  -1-380 


Mill,  stress. 

—220 
0 


lu  these  last  two  tests,  failure  did  not  ensue  after  23  850  000  and 
19  100  000  reiJetitions,  respectively. 

The  foregoing  values,  reduced  to  pounds  per  English  square  inch, 
are  collected  in  Table  No.  3.  In  the  last  column  the  values  given  in 
Engineer! >iri\  for  corresponding  tests,  as  quoted  in  part  by  the  author, 
are  shown. 

TABLE  No.   3. 


Material. 

Group. 

Stresses. 

Values  prom  Engineering. 

Maximum. 

Minimum. 

Maximum. 

Minimum. 

Wrought  iron 

I 

II 

III 
IV 

1-1-16  600 

-  -(-31  200 
{  -t-45  700 

r-|-52  000 
J  --72  8J0 
1  -i-83  200 
[.+93  600 

(-^29  100 
\  -M9  900 
(+83  200 

(+22  900 
1  -t-39  5  JO 

—16  600 

0 

—25  000 

0 
-1-26  000 
-1-41  000 
+62  400 

-29  100 

0 

+36  400 

—22  900 
0 

+17  120 
+35  310 

-j-47  080 

+53  500 
+74  900 
-^85  600 
-1-96  300 

+29  960 
4-51  3lj0 
-1-85  600 

+23  540 
-HO  660 

-17  120 
0 

-25  680 

0 
-26  750 

-42  800 
-64  200 

-29  960 
0 

Axle  steel 

+37  450 
—23  540 

u 

The  value  35  310  for  wrought  iron,  as  given  in  Engineerinrj,  is  ap- 
parently a  typographical  error,  as  will  be  shown  presently.  All  other 
values  from  that  journal  seem  to  be  about  2)%  in  error.  J  This  observa- 
tion applies  also  to  Unwin's  tables.  | 

*  "The  Fatigue  of  Metals,"  pp.  13  and  14. 

tVol.  xi  (1871),  p.  397. 

tin  Engineering  (p.  200)  the  value  r.f  the  German  centner  is  placed  at  113  436  lbs. 
English,  for  which  the  writer  can  find  no  authority.  Its  true  value  seems  to  be  110.23 
lbs.  English  (50  kg.),  as  given  in  the  Table  of  Weights  of  the  "  Standard  Dictionary,"  and 
in  the  English  translation  of  Spangenberg"s  '•  Fatigue  of  Metals  "  (p.  12).  The  metric 
pound  (.500  grams)  has  been  the  commercial  standard  of  weight  throughout  Germany 
only  since  1872,  whereas  Wohler's  experiments  were  made  at  Frankfort  between  the  years 
1859  and  1870.  However,  the  metric  pound  has  been  the  legal  standard  for  customs  since 
1840,  was  adopted  by  the  railroads  in  1851,  and  its  use  becan  e  more  and  more  general 
until  1872,  when  it  became  the  universal  standard  throughout  the  empire.  The  old 
Prussian  pound  was  equivalent  to  467.7  grams  (Johnson's  and  Brockhaus'  Encyclo- 
paedias). While  110,23  lbs.  appears  to  be  the  probable  value  of  the  centner  quoted  in 
these  tests,  the  question  here  is  one  of  relative  rather  than  absolute  values. 

The  German  mch  is  equivalent  to  1.0297  English  inches. 

§"The  Testing  of  Materials  of  Construction."  Unwin's  values  (in  gross  tons  per 
English  square  incli)  seem  to  have  been  taken  directly  from  Engineering.  The  wrong 
value  (35  310)  for  wrought  iron  appears  also  in  Unwin. 
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The  value  35  310,  which  has  been  designated  a  typographical  error,  m.-  Marbun 
IS  the  quantity  concerning  whose  origin  the  author  expresses  some 
doubt.  That  it  is  a  misprint  is  attested,  not  only  by  the  agreement  of 
the  corresponding  values  (31  200)  quoted  by  Bauschinger  and  Span- 
genberg,  but  this  value  is  given  also  by  Weyrauch.*  Moreover,  the 
error  is  indicated  by  the  context  in  EngUieerhig,  in  which  Woh'ler's 
reason  for  adopting  31  200  (given  as  32  100)  is  set  forth.  For  pre- 
cisely the  same  reason  the  value  34  240,  assumed  instead  by  the  author, 
appears  inadmissible,  namely,  that  the  tension  tests  resulted  in  rup- 
ture under  this  load.  Wohler's  value  was  derived  from  the  bending 
tests  on  the  same  material. 

The  quantities  in  Table  No.  3  are  all  correctly  given  by  Professor 
S.  W.  Eobinson,  M.  Am.  Soc.  C.  E.,t  with  the  exception  of  the  third 
value  for  wrought  iron,  which  he  placed  at  41  600  (400  centners)  instead 
of  45  700  (440  centners).  This  error  is  apparently  attributable  to  a 
misprint  in  the  translation  from  Spangenberg.  J 

Concerning  the  strength  of  the  three  materials  named,  under  static 
loads,  there  appears  to  be  considerable  uncertainty.  Bauschinoer 
quoting  directly  from  Wohler,  places  the  average  tensile  value  at'445 
centners  (range  440  to  450),  or  46  300  lbs.  It  is  not  clear  how  this  can 
be  reconciled  with  the  higher  initial  stress  of  49  900  lbs.  per  square 
mch  (480  centners),  repeated  800  times  before  rupture.  Presumably 
the  great  rapidity  with  which  the  stresses  were  alternately  developed  and 
released  did  not  aUow  a  sufficient  time  interval  for  rupture  at  a  single 
application,  even  for  loads  somewhat  in  excess  of  the  static  strength 
The  static  tensile  strength  of  the  steel  axles,  Bauschinger  places  at 
1  040  centners,  or  108  100  lbs.,  and  states  that  he  is  unable  to  find  this 
factor  for  the  spring  steel  in  W5hler's  pubhcations. 

Weyrauch  quotes  for  static  tests  on  Phoenix  iron,  57  200  lbs.  (4  020 
kg.  per  square  centimeter)  in  bending,  and  46  800  lbs.  (3  290  kg  per 
square  centimeter)  in  tension.  The  value,  46  800  lbs.,  agrees  with  the 
upper  limit  (450  centners)  given  by  Bauschinger.  The  considerably 
higher  value  found  in  bending  may  be  attributed  to  the  inaccuracy  of 
the  common  formula  of  flexure  for  stresses  exceeding  the  elastic  limit 
ihe  static  strength  of  the  axle  steel,  Weyrauch  places  at  104  400  Ibs.f 
(7  340  kg.  per  square  centimeter). 

Concerning  the  static  strength  of  the  spring  steel,  Weyrauch 
writes:  "  Wohler  found  for  this  steel  in  (static)  bending  tests  /  =  1 100 
centners  (114  400  lbs.)." 

In  Engineering  the  following  are  given  as  the  experimental  values 
m  tension  under  static  loads: 

and*4?^^°  *'^^^^  ^^-  P"*"  ®^"^''®  csntimeter,  "Iron  and  Steel  Constructions,"  pp.  43 
t  Transactions,  Am.  Soc.  C.  E.,  June,  1886,  Vol.  xv.,  p  439 

§  Whether  for  tension  or  bending  does  not  appear.    The  former  seems  probable. 
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Mr.  Marburg.  Phoenix  axle  iron  (supplied  in  1857) . .  -j    ^^  J^^  i  average,  47  615  lbs. 

(  109  675  ) 
Krupp  axle  steel  (supplied  in  1862) . .  ■{  112  350  [  average,  111460  lbs. 

i  112  350  ) 

These  averages,  corrected  for  the  apjaarent  error  of  about  3%,  pre- 
viously mentioned,  become  46  200  and  10S200;  or  essentially  the  same 
as  given  by  Bauschinger. 

From  the  above  data.  Table  No.  4  may  be  constructed. 

TABLE  No.  4.— Static  Stkength  fkom  Wohlek's  Tests,  in  Pounds 
Per  Square  Inch. 


Authors. 

Group  I.— Axle  Iron. 

Group   II.— Spring 
Steel. 

Groups  III  and  IV.— 
Axle  Steel. 

Tension. 

Bending. 

Tension. 

Bending. 

Tension. 

Bending. 

Bauschinger 

46  300 
46  800 
46  20P 

108  100 
104  400 
108  200 

WejTauch 

57  200 

114  400 

Engineering 

Probable  values. . 

46  300 

57  200 

114  400 

108100 

The  values  in  Table  No.  3  and  the  probable  values  in  Table  No.  4 
may  be  combined  in  Table  No.  5,  according  to  the  scheme  adopted  by 
the  author: 

TABLE  No.  5. 


Material. 


Wrought  I 
iron.     J 


Spring 
steel. 


Axle 


steel. 


Axle 


steel. 


Wohler"s  Tests. 


Group 


III  -I 


IV 


Maximum.   MinLmimi. 


+  16  600 
+  31  200 
-|-  45  700 
-I-  46  300 
+  57  200 

52  000 
72  800 
4-  83  200 
+  93  600 
(4-104  000) 
-]-114  400 

+  29  100 
-i-  49  900 
+  83  200 
+108  100 


t 


22  900 
39  500 

+108100 


—  16  600 

0 
+  25  000 
+  46  300 
+  57  200 

0 
+  26  000 
--  41  600 
--  62  400 
(+  68  600) 
- -114  400 

—  29  100 

0 
+  36  400 
+108  100 

—  22  900 

0 

+108  100 


Live  stress. 
(Max.— Min.) 


33  200 

31200 

20  700 

0 

0 

52  000 
46  800 
41600 
31200 
(35  400) 
0 

58  200 

49  900 

46  800 

0 

45  800 
39  500 


Dead 

stress. 


0 
0 

25  000 
46  300 
57  200 

0 

26  000 
41600 
62  400 

168  600) 
114  400 

0 

0 

36  400 

108100 

0 
0 

108  100 


Equivalent  dead 

stress. 
(Dead  +  2  Uve.) 


*  66  400  (bending). 

*  62  400 

*  66  400  (tension). 
46.300 

57  200  (bending). 

*104  000  (bending). 
*119  600 
*124  800 
*ia4  800 
(139  400) 
114  400 

116  400  (bending). 
99  800 
130  000 
108  100  (tension). 

91  600  (shearing). 

79  000 
(85  400 
1 108  100  (tension). 
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The  fifth  set  of  results  for  Group  II,  enclosed  in  parentheses,  corre-  Mr.  Marbuif 
sponds  to  the  author's  set  No.  2.  The  reason  for  its  exclusion  by 
Wohler  is  not  apparent,  except  that  the  result  seems  anomalous,  com- 
jjared  with  the  other  tests  on  this  material,  and  that  the  number  of 
repetitions  (19  673  000)  is  about  half  as  great  as  for  the  remaining 
four  sets.  The  rejection  of  the  third  set  of  values  for  wrought  iron, 
between  the  limits  of  +  45  700  and  +  25  000  would  appear  better 
warranted,  for  in  this  case  there  Avere  only  4  000  000  repetitions. 

The  static  strength  of  the  axle  steel  (108  100)  appears  only  for 
tension,  and  is  probably  lower  than  for  bending.  The  static  strength 
in  shearing  for  Group  IV  (85  400)  was  estimated  by  multiplying  the 
above  value  found  in  tension  by  0.79,  this  being  approximately 
the  ratio  between  the  shearing  and  bending  values,  as  may  be  seen 
from  a  comparison  of  the  first  two  sets  in  Groiajos  III  and  IV.  This 
value  is  thei-efore  also  probably  too  low. 

The  values  in  the  last  column,  j 

distinguished  by  asterisks,  are 
those  given  by  the  author,  after 
correction. 

From  a  review  of  the  qiiantities 
in  the  last  column,  it  appears  that 
the  exjjeriments  give  no  indication 
of  a  law  by  which  the  sum,  Min. 
+  2  (Max.  —  Min.)  is  even  approxi- 
mately constant  for  each  of  the 
several  groiaps.  Although,  as  the 
author  observes,  Wohler's  results 
for  Groups  I  and  II  "  are  more 
complete  and  satisfactory  than  the 
others,"    they    deserve    to   be   so 

regarded  (esj^ecially  Group  11),  by  reason  of  their  range,  and  because 
the  metal  in  Group  I  was  forged  wrought  iron.  There  is  no  apparent 
reason,  however,  for  considering  the  individual  results  in  Groups  III 
and  IV  as  in  any  way  less  trustworthy,  much  less  for  disregarding 
them  entirely  in  an  inquiry  of  the  kind  instituted  by  the  author. 

Again,  it  is  to  be  remembered  that  Wohler's  results  are  at  best 
rather  loose  approximations.  The  difference  between  the. load  by 
which  rupture  was  not  prodiiced  after  many  million  applications  and 
the  next  higher  one  which  caused  failure  was  frequently  considerable. 
The  true  value  is  an  intermediate  one  whose  magnitude  can  only  be 
conjectured.  The  reasoning  applied  by  the  author  to  sets  Nos.  1  and 
5  is  no  less  applicable  to  set  No.  3. 

The  whole  situation  is  clearly  shown  on  the  diagram.  Fig.  5,  drawn 
after  the  method  of  Weyrauch.  The  ordinates  from  the  0.0  axis  to 
the  straight  line  a  b  represent   minimum  stresses.     The  correspond- 
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Mr.  Marburg,  ing  maxima  are  laid  off  along  the  same  ordinates.  The  exj^erimental 
values  in  Table  No.  5  are  j^lotted  by  placing  the  static  strength  for  each 
of  the  several  groups -equal  to  2  u.  For  Group  I  the  static  value  in 
bending  was  used  as  a  basis.*  In  some  cases  several  values  are  coin- 
cident or  sensibly  so,  of  which  the  diagram  gives  no  indication.  The 
arrows  connecting  two  plotted  values  indicate  the  shifted  position  of 
the  point  in  question  by  considering  the  next  higher  load  which 
caused  failure.  The  true  value  lies  somewhere  between  jjoints  thus 
connected.     For  GroujD  III  the  data  were  not  available. 

To  exactly  fulfill  the  law  suggested  by  the  author,  all  points 
should  lie  on  the  line  b  c,  for  stresses  of  like  character,  and  on  c  d  for 
reversed  sti*esses.  The  actual  departure  from  such  a  law  is,  however, 
not  sufficiently  emphasized  in  this  diagram,  for,  in  the  formula  c  = 
Min.  +  2  (Max.  —  Min.),  the  true  difference  between  the  value  of  c  for 
any  given  experiment  and  the  hypothetical  constant  value  2  ii  is  twice 
as  great  as  the  vertical  intercept  between  b  c  or  c  d  and  the  point 
which  marks  the  experimental  value  considered. 

However  WiJhler's  results  may  be  viewed,  they  admit  of  no  infer- 
ences concerning  the  "  theory  of  work."  In  the  absence  of  records  of 
deformations,  the  "  work  "  remains  an  unknown  quantity.  It  is  true 
that,  within  the  elastic  limit,  a  load  suddenly  applied,  without  im- 
pact, develops  theoretically  twice  the  unit  stress  produced  by  the 
same  load  gradually  applied;  but  even  within  the  elastic  limit  this 
familiar  law  can  find  no  application  here.  It  is  to  be  remembered 
that  Wohler's  tests  were  not  made  by  the  application  and  release  of 
known  loads,  in  which  case  the  stresses  would  have  varied  with  the 
rapidity  of  the  operations,  and  would  have  been  different  above  and 
below  the  elastic  limit,  with  other  conditions  constant.  The  apparatus 
was,  on  the  contrary,  so  adjusted  by  means  of  calibrated  springs  that 
the  stresses  themselves  remained  sensibly  constant.  This  distinction 
is  an  exceedingly  important  one. 

Again,  there  appears  to  be  no  ground,  in  Wohler's  experiments,  or 
any  others  known  to  the  writer,  which  would  tend  to  cast  doubt,  or,  as 
the  author  asserts,  "entirely  destroy  the  theory  of  the  perfect  elas- 
ticity of  metals,"  it  being  understood  that  the  accejited  theory  within 
the  primitive  elastic  limit  is  here  referred  to.  This  theory  found 
its  most  triumjihant  vindication  at  the  hands  of  Bauschinger  himself, 
whose  conclusions  the  author  appears  to  have  somewhat  misconstrued. 
By  means  of  his  remarkable  measuring  apparatus — sensitive  to  the 
ten-thousandth  part  of  a  millimeter  (about  ^ir^fdcro  in.) — Bauschinger 
not  only  confirmed  the  correctness  of  Hooke's  classic  law,  but  he 
showed  that  within  the  elastic  limit  the  permanent  set,  as  well  as  the 

*  Since  this  matter  has  gone  to  press,  the  writer's  attention  has  been  called  to  the 
fact  that  the  static  value  in  tension  would  have  been  a  more  suitable  basis,  inasmuch  as 
the  fiber  stresses  in  bending  are  within  the  elasiic  limit.  This  would  lead  to  a  more 
marked  divergence  for  this  group,  from  the  law  suggested  by  the  author,  than  is 
shown  in  the  diagram. 
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total  elongation  remained  constant,  both  after  the  lapse  of  time  and  Mr.  Muburg. 
under  repeated  applications  of  the  original  load.* 

Accordingly,  after  an  initial  stress,  of  a  given  magnitude  within 
the  elastic  limit,  has  been  once  developed,  the  material  is  afterward 
perfectly  elastic  up  to  the  limit  of  that  stress;  that  is  to  say,  complete 
and  instant  recovery  of  form  upon  release  of  stress  is  then  assured. 

It  was,  indeed,  on  these  observations  that  Bauschinger  based  his 
claim  that  stresses  within  the  elastic  limit,  no  matter  how  frequently 
repeated,  could  not  be  expected  to  cause  rupture.  He  showed,  more- 
over, that,  through  the  elevation  of  the  elastic  limit,  this  was  true 
also,  with  certain  limitations,  for  stresses  in  excess  of  the  i^rimitive 
elastic  limit,  f  In  case,  however,  the  intensity  of  stress  exceeded  a 
certain  higher  limit,  successive  repetitions  increased  the  deformation, 
so  that  ultimate  rupture  became  then  inevitable.  The  seeming  con- 
travention of  these  laws  in  the  case  of  reversed  stresses  has  been  met 
by  Bauscbinger's  ingenious  theory,  recognizing  the  distinction  between 
the  primitive  and  what  he  terms  the  "natural"  elastic  limit,  thus 
showing  that  the  ajjparent  anomaly  is  but  a  paradox. 

The  author  affirms  his  faith  in  the  "  theory  of  the  fatigue  of  metals," 
without  defining  the  sense  in  which  this  observation  is  intended.  - 
While  the  signification  of  "fatigue  "  is  not  infrequently  misconstrued, 
and  the  selection  of  this  j^articular  term  may,  in  the  light  of  present 
knowledge,  have  been  ill-advised,  there  appears  to  be  now  no  reason- 
able ground  for  differences  of  opinion  concerning  the  phenomena  for 
which  it  stands.  The  matter  has,  indeed,  long  since  become  one  of  fact 
rather  than  theory.  Bauscbinger's  investigations  have  ajDparently  fur- 
nished conclusive  proof  that  the  metal  in  specimens  subjected  to  oft- 
repeated  tensile  stresses  experiences  no  sensible  change,  either  in  its 
molecular  structure  or  in  its  subsequent  behavior  under  static  loads.  J 
A  theory  of  fatigiie  involving  an  assumed  alteration  in  the  physical 
characteristics  of  the  metal  appears  then  as  chimerical  as  the  time- 
worn  theory  of  cold  crystallization.  The  writer  does  not  wish  to  be 
understood  as  inferring  that  the  author  holds  any  such  views,  but  that 
they  are  yet  all  too  prevalent  among  engineers  will  probably  be  ad- 
mitted. On  the  other  hand,  a  denial  of  the  reality  of  such  a  thing  as 
"fatigue" — txnderstood  simply  as  meaning  that  rupture  will  be  pro- 
duced under  certain  conditions  by  stresses  far  within  the  static 
strength  of  a  given  material — no  longer  deserves  to  be  entertained 
seriously. 

Returning  now  to  Wohler's  tests,  the  chief  interest  attached  to 
them,  in  the  opinion  of  the  writer,  is  to  be  found  in  the  fact  that  they 

*  "  Bauschinger's  Communications  "  (1886),  Vol.  xiii,  pp.  14  and  15. 

+  Ibid.  pp.  16  and  39. 

t  In  general,  the  static  tensile  strength  was  somewhat  raised  by  oft-repeated  stresses. 
The  difference,  in  every  case,  was  relatively  small.  The  endurance  tests  In  bending,  made 
at  the  Watertown  Arsenal,  exhibited,  however,  in  some  cases  considerable  irregularity  in 
his  respect. 
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Mr.  Marburg,  proved  (a)  that  innumerably  repeated  stresses  of  like  character,  not 
exceeding  the  primitive  elastic  limit,  cannot  produce  rupture,  and  {b) 
that  the  safe  limit  for  equal  stresses,  opposite  in  character,  is  far  below 
the  jDrimitive  elastic  limit.  The  former  discovery  served  as  a  welcome 
reassurance  to  the  users  of  metal,  the  latter  as  a  wholesome  warning, 
despite  the  fact  that  the  trying  condition  of  reversed  stresses  had, 
it  seems,  been  recognized  intuitively  by  American  engineers  before 
Wohler's  announcement,  and  jjrovided  for  by  various  methods. 

The  writer  is  uot  in  sympathy,  however,  with  the  efforts  that  have 
been  m9,de  toward  the  introduction  of  so-called  "fatigue  formulas" 
into  specifications  for  structural  work.  This  practice  is  believed  to  be 
founded  on  wrong  principles.  The  added  labor  it  involves — in  this 
the  writer  speaks  from  a  somewhat  extended  experience  iu  bridge  prac- 
tice— is  to  be  justified  only  on  grounds  of  superior  scientific  excellence, 
which  claim,  he  thinks,  cannot  be  satisfactorily  demonstrated.  The 
writer  must  refrain,  however,  from  elaborating  his  views  on  this  jjoint, 
the  contemplated  limits  of  this  discussion  having  already  been  far 
exceeded. 
Mr.  Wilson.  JosEPH  M.  WiLSON,  M.  Am.  Soc.  C.  E. — It  is  now  more  than  thirty 
years  since  the  question  of  specially  providing  for  the  effect  of  live 
load  on  a  bridge  structure,  on  different  conditions  from  those  of  dead 
load,  began  to  receive  serious  consideration  in  America,  and  miich 
longer  than  that  (nearly  fifty  years),  since  such  effect  was  first  noticed. 

Rankine*  states  that: 

"  The  additional  strain  arising,  whether  from  the  sudden  applica- 
tion or  swift  motion  of  the  load,  is  sufficiently  provided  foriu  practice 
by  the  method  already  so  frequently  referred  to,  of  making  the  factor 
of  safety  for  the  traveling  part  of  the  load  about  double  the  factor  of 
safety  for  the  fixed  part." 

It  was  the  custom,  even  then,  to  use  a  higher  allowable  stress  in 
roofs,  and  such  structures,  than  in  bridges. 

Fairbairn,t  gives  quite  a  series  of  tables  and  experiments  to  de- 
termine the  effect  of  imj^act,  vibratory  action  and  long-continued 
changes  of  load  on  wrought- iron  girders. 

UnwinJ  states  that: 

"In  the  experiments  of  the  Royal  Commission  on  Railway  Struct- 
ures in  1849,  when  a  truck  weighing  1 120  lbs.  was  run  over  a  pair  of 
light  cast-iron  bars  at  a  velocity  of  30  miles  an  hour,  the  maximum 
deflection  was  twice  as  great  as  when  the  same  load  quietly  rested  on 
the  bars."  "  With  2  066  lbs.  the  dynamical  deflection  was  three  times 
as  great  as  the  statical  deflection.  But  the  theory  deduced  from  the 
experiments  led  Professor  Willis  to  the  conclusion  that  efiects  of  this 
kind,  produced  by  a  rolling  ioad,  and  alarmingly  manifested  in  experi- 

*  "Manual  of  Civil  Engineering,"  Third  Edition,  1864,  p.  278  (perhaps  also  in  earlier 
editions). 

1  "Useful  Information  for  Civil  Engineers,"  Third  Series,  London,  1866.  Philosoph- 
ical Transactions,  1864,  p.  311. 

t  "  Wrought-Iron  Bridges  and  Roofs,"  London,  1869. 
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ments  on  a  small  scale,  would  be  so  greatly  diminished  with  bridges  Mr.  Wilson, 
of  large  dimensions  as  to  be  of  comparatively  little  importance." 

It  was,  therefore,  recognized  at  that  early  date  that  short-span 
bridges  demanded  more  attention  in  this  respect  than  those  of  long 
span.     Uuwin  also  states  that: 

"In  experiments  on  bars  loaded  and  unloaded  alternately,  they 
found  that  if  the  deflection  did  not  exceed  that  due  to  a  statical  load 
amounting  to  one-third  of  the  breaking  weight,  the  bars  suffered  10000 
reisetitions  of  load  without  api^reciable  injury;  but  one  bar  broke  after 
50  000  repetitions  of  load;  and  when  the  deflection  was  increased  so  as 
to  be  equivalent  to  that  produced  by  a  dead  load  of  one-half  the  break- 
ing weight,  all  the  bars  broke  after  a  greater  or  less  length  of  time." 

From  these  various  expei'iments  combined  with  theory  and  experi- 
ence, Unwin  deduces*  that  "for  practical  purposes,  a  rolling  load  may 
be  assumed  to  be  equivalent  to  a  dead  load  of  twice  its  magnitude, "  and 
states  that: 

"  (1)  The  load  may  be  reduced  to  an  equivalent  dead  load,  Avhose 
magnitude  will  be  twice  the  actual  live  load  plus  the  dead  load," 
*     *     *     taking  "a  limiting  stress  suitable  to  a  dead  load. "     Or: 

"(2)  The  stresses  may  be  calculated  from  the  actual  load,  con- 
sidered as  a  dead  load,  and  a  variable  limiting  stress  may  be  adopted, 
dei^endent  on  the  ratio  of  the  dead  to  the  live  load." 

Unwin  submits  a  table,  giving  such  values  for  the  limiting  stress  as 
would  be  equivalent  to  allowing  twice  as  much  metal  for  a  given  live 
load,  as  for  an  equal  dead  load,  as  follows: 

Safe  Limits  of  Stkess. 


Ratio  of  live  load  to  dead  load. 

Tons  per  Square  Inch. 

Tension. 

Compression. 

All  dead  load 

7.00 
5.83 
5.60 
5.35 
5.00 
4.66 
4.20 
3.50 

5.50 

.25 

4.59 

.33 

4.40 

.50 

4.12 

.66 

3.93 

1.00        

3.66 

3.00 

3.30 

All  live  load , 

2.75 

As  to  the  practice  at  that  time,  Unwin  states: 

"Although  the  method  of  proportioning  bridges  just  indicated  is 
really  the  scientific  method,  it  has  not  hitherto  been  often  followed  in 
practice.  The  plan  adopted  has  been  to  calculate  the  stresses  due  to 
the  total  load  as  if  quiescent,  and  to  proportion  all  bridges  to  a  stress 
lying  between  the  limits  which  have  just  been  assigned  for  dead  and 
live  loads  respectively." 

The  writer  worked  on  this  basis  for  short-span  bridges  as  early  as 
1870-71,  and  it  appears  to  have  been  adopted  by  many  bridge  en- 
gineers, and  has  continued  in  use  by  some  up  to  the  present  day. 


*  Pp.  36-37,  same  edition. 
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Mr.  Wilson.  Wobler's  published  experiments  and  Launhardt's  formula  came 
later,  and  were  accejjted  by  the  writer  as  furnishing  a  more  rational 
and  projoer  method  of  solving  the  question  than  anything  that  had  as 
yet  been  produced.  Wcihler's  experiments  followed  the  same  line, 
and  confirmed  the  indications  of  those  previously  made,  adding  ma- 
terially to  the  experience  which,  after  all,  is  what  miist  be  depended 
upon  in  such  matters.  The  writer  is  not  aware  of  any  later  experi- 
ments or  results  to  disprove  them  or  to  suggest  different  conclusions. 
The  best  that  can  be  said  of  other  methods  of  procedure  is  that  they 
conform  practically,  or  nearly  so,  to  that  of  Launhardt. 

The  first  printed  specification  by  the  writer,  in  which  the  use  of 
Launhardt's  formula  appeared,  was  in  1882,  and  although  he  had 
adojjted  and  used  it  jireviously,  at  least  as  early  as  1880,  there  was  no 
occasion  for  its  earlier  i^ublication,  as  all  calculations  and  detail 
drawings  for  bridges  were  at  that  time  jsrepared  by  him  in  complete 
shape  ready  for  bidders,  and  the  method  of  calculation  did  not  enter 
into  the  sijecification. 

The  author's  sjjecification  is  commendable  in  that  it  admits  the 
value  of  Wohler's  experiments  and  Launhardt's  formula,  and  is  an 
effort  to  simijlify  calculations  without  departing  materially  from  the 
same  I'esults.  His  conclusions  are  certainly  very  interesting,  but,  if 
he  will  pardon  the  writer  for  drawing  attention  to  the  matter,  the 
results  are  precisely  the  same  as  produced  by  the  method  proposed 
by  Unwin  in  1869  [see  (1)]. 

The  writer  is  not  prepared,  as  yet,  to  abandon  the  method  he  has 
used  since  1880,  in  the  adoption  of  the  Launhardt  formula,  although 
should  anything  be  suggested,  showing  substantial  evidence  of  being 
really  better,  he  would  be  very  glad  to  give  it  favorable  consideration. 
What  is  needed  is  a  thorough  and  systematic  series  of  experiments, 
on  a  liberal  scale,  conducted  by  competent  engineers  with  ample 
facilities  and  funds,  to  establish  by  actual  experience  a  reliable  theory 
of  the  action  of  live  load  and  impact.  He  joins  heartily  with  Mr. 
Waddell  and  Mr.  Boiiscaren*  in  this  matter. 

No  amount  of  pure  theoretical  discussion  will  determine  it;  and  as 
for  the  experience  that  engineers  talk  of,  how  many  of  them  ever  see 
their  bridges  after  they  are  up?  They  design  them  in  the  shop  and 
that  is  the  end  of  their  experience.  The  writer  is  not  referring  to  the 
railroad  engineer,  who  does  have  opportunity  to  examine  his  bridges 
and  note  their  action  under  service,  if  he  is  competent  in  this  line  of 
work;  but  to  the  shoj?  engineer  who  seldom  gets  the  benefit  of  this 
experience.  The  writer  thoroiighly  agrees  with  the  author  on  the 
subject  of  bridge  engineers  connected  with  the  railroad  system,  and 
a  periodical  inspection  of  bridges  by  a  thoroughly  competent,  theore- 
tical and  practical  engineer. 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxvi,  pp.  182  and  276. 
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It  may  be  a  curious  thing  to  say,  but  each  bridge,  like  many  other  Mr.  Wilson, 
•objects  in  animate  and  inanimate  nature,  has  its  individual  peculiarities, 
and  requires  to  be  studied  in  its  action,  which  can  only  be  accomplished 
bv  periodical  inspections.  The  engineer  of  bridges  should  be  entirely 
competent  to  do  this,  to  prejjare  specifications,  make  calculations  and  in- 
spect material,  even  if  he  does  not  actually  make  the  designs,  and  to  act 
as  an  expert  for  the  railroad  comj^any  in  all  matters  connected  with  his 
department,  including  the  criticism  and  reporting  on  designs  and  details 
of  bridges  that  may  be  submitted  in  competition  by  bridge  comj^anies. 

The  writer  has  never  been  able  to  understand  why  engineers  have 
so  much  fear  of  the  labor  involved  in  the  use  of  Launhardt's  formula. 
A  table  of  working  stresses,  such  as  Table  No.  6,  would  go  far  toward 
relieving  such  apj^rehension.  From  this  table  the  required  sections  are 
calculated.  The  details  are  then  designed  dii'ectly  from  the  sections 
of  the  connected  members;  for  instance,  the  bearing  on  joins  would 
equal  one  and  one-half  times  the  total  section  of  the  member,  etc. 

For  compression  members  the  permissible  stress  thus  found  is 
reduced  to  allowable  working  stress  by  multiiilying  by  the  percentage 
given  in  Table  No.  7  for  struts.     The  form  of  this  table  is  peculiarly 

adajited  to  labor  saving.     The  value  of  —   is  always    quickly   found; 

the  value  of  —  is  found  to  be  approximately  constant  for  each  different 

shape  of  cross-section,  as  shown  in  the  notes  attached  to  the  table, 
although  where  accurate  results  are  required  this  value  is  usually 
calculated  by  working  out  the  moment  of  inertia  of  the  actual  section 
of  the  member  (particularly  for  upjjer  chords  and  vertical  struts),  the 
value  of  r'  being  deduced  in  terms  of  cl'. 

The  application  of  the  proper  formiila  by  the  use  of  the  table  then 
becomes  a  very  simple  matter. 

The  writer  heartily  agrees  with  those  who  would  reduce  and 
simplify  the  labor  of  calculation,  provided  equally  reliable  results  ai-e 
obtained — results  that  can  be  depended  upon — but  he  has  seen  engi- 
neers, otherwise  trustworthy  and  competent,  fall  into  grievous  trouble 
by  the  use  of  shorthand  methods  of  computation,  where  a  little  care 
would  have  saved,  not  only  reputation,  but  also  an  immense  amount 
of  annoyance  to  superior  officers. 

The  writer  notes  the  author's  remarks  on  the  sitbject  of  elevated 
railways  and  large  railway  terminal  approaches,  where  the  passage  of 
trains  is  almost  continuous,  and  agrees  that  such  conditions  require 
special  attention.  Experience  is  a  valuable  teacher,  and  experience 
in  such  cases  only  dates  back  in  America  for  comj^aratively  a  few 
years.  Suburban  travel  has  increased  enormously  during  that  time, 
and  bridges  designed  on  first-class  specifications,  thoroughly  able  to 
carry   main-line  traffic  of  the  heaviest   kind,  certainly  do  appear  to 
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Mr.  Wilson,  suffer  fatigue  and  wear  out  under  the  frequent  repetitions  of  the  same 
load  which  they  receive  when  placed  in  such  locations  as  mentioned. 

The  writer  desires  to  mention  here  for  the  benefit  of  the  profession 
an  experience  with  pin-connected  triangular  trusses,  having  alternate 
compressive  and  tensile  stresses  in  the  same  members,  and  acting  under 
continuous  service  as  here  sjaoken  of,  which  would  lead  to  the  conclu- 
sion that  this  type  should  not  be  used,  at  least  in  such  locations.  The 
rapidly  occurring  alternate  stresses  on  the  braces  appeared  to  cause  the 
pins  to  revolve  in  place  so  that  they  were  worn  out  very  rapidly  in  deep 
grooves  under  the  bearings.  The  pins  were  calculated  on  the  most  liberal 
allowance  for  shear  and  bending  moments,  according  to  modern  require- 
ments, and  the  result  would  have  been  hard  to  believe  had  it  not  been 
seen.  The  writer  has  seen  pins  in  old  bridges  of  the  Linville  type,  of 
diameters  very  considerably  less  than  the  present  specifications  would 
allow,  sustaining  severe  bending  stress  and  certainly  much  overstrained 
(this  strain  being  only  in  one  direction),  and  standing  up  to  their  work 
perfectly  well  without  showing  in  the  least  such  wear  as  above  noted. 

The  writer  agrees  with  the  author  that  it  is  the  live  strain  which 
causes  loose  rivets,  and  which  wears  out  the  bridge. 

All  riveted  connections  should  have  plenty  of  rivets,  and  they 
should  be  tight.     This  shows  itself  forcibly  on  terminal  bridges. 

FOEMULAS   FOR   WOEKING   StEESSES    (sEE   TaBLE   No.    6): 

Acting  in  Sinr/le  Direction. 
/^         t  —  H       Min.   B\ 

« =  n^  +  —^  ""  mrBj 

(^     ,    Min.   B\ 

when  /  =  2  ?<,   a  :=  «  I  1  -j-  =r= =  I  . 

\     ^    Max.  BJ 

^  ,  (when  -L  =  12). 


1+     ' 


5  000  iv'^ 
t  =  stress  for  all  dead  load. 
u  =  stress  for  all  live  load. 

Acting  in   Opposite  Directions  Alternately, 

/,         H  —  s        Max.  B'\ 

^  =  n^ —''   MaxTS; 

/^        1       Max.  B'\ 
when.=^»,    «  =  «\1-2Xm^x7-j5;- 

s  =  stress  for  equal  tension  and  compression. 

u  =  stress  for  either  tension  or  compression  alone. 

The  greater  stress  upon  member  =  Max.  B,  and  the  lesser  stress  (in 
opposite  du-ection)  =  Max.  B'. 
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TABLE  No.  6.— WoEKiNG  Stbesses,  in  Net  Tons  per  Squaee  Inch.     Mr.  Wilson. 


Acting 

IN   Opposite    Directions,* 

Acting  in  Single  Direction 

* 

Alternately. 

Tension. 

Compression. 

Tension. 

Compression. 

Value  of 

"a." 

Value  of 
"a." 

Value  °* 
"  c." 

Value  of  "a." 

Value  of 
"a." 

Min.  B. 
Max.  B. 

h 

O    . 

o  * 

compression  (12 
araeters)     upper 
mges  pi.  girder, 
■aced. 

o 

a 
o 

4)    • 

a  ^ 

O  cS 

Max.  B' 
Max.  B. 

5§ 

2  •" 

"m  O 

73  <W 

o  6 

2x 

A  0 

.  P 

.as 

■ga-l 

■«  o 
o  S 

s-§ 

fe-!= 

g^a^ 

feSc^ 

0-- 

^•^ 

S=Sai 

fa 

fa 

fa 

fa 

fa 

fa 

fa 

All  live 

.00 

3.750 

3.50 

3.250 

3.162 

3.750 

3.500 

3.250 

.00 

.02 

3.825 

3.57 

3.315 

3.225 

3.713 

3.465 

3.218 

.02 

.04 

3.900 

3.64 

3.380 

3.289 

3.675 

3.430 

3.185 

.04 

.06 

3.975 

3.71 

3.445 

3.352 

3.638 

3.395 

3.153 

.06 

.08 

4.050 

3.78 

3.510 

3.415 

3.600 

3.360 

3.120 

.08 

.10 

4.125 

3.85 

3.575 

3.478 

3.563 

3.325 

3.088 

.10 

.12 

4.200 

3.92 

3.640 

3.542 

3.525 

3.290 

3.055 

.12 

.14 

4.275 

3.99 

3.705 

3.605 

3.488 

3.255 

3.023 

.14 

.16 

4.350 

4.06 

3.770 

3.668 

3.450 

3.220 

2.990 

.16 

.18 

4.425 

4.13 

3.835 

3.731 

3.413 

3.185 

2.958 

.18 

.20 

4.500 

4.20 

3.900 

3.795 

3.375 

3.150 

2.925 

.20 

.22 

4.575 

4.27 

3.965 

3.858 

3.338 

3.115 

2.893 

.22 

.24 

4.650 

4.34 

4.030 

3.921 

3.300 

3.080 

2.860 

.24 

.26 

4.725 

4.41 

4.095 

3.984 

3.263 

3.045 

2.828 

.26 

.28 

4.8U0 

4.48 

4.160 

4.048 

3.225 

3.010 

2.795 

.28 

.30 

4.875 

4.55 

4.225 

4.111 

3.188 

2.975 

2.763 

.30 

,32 

4.950 

4.62 

4.290 

4.174 

3.150 

2.940 

2.730 

.32 

.34 

5.025 

4.69 

4.3.55 

4.237 

3.113 

2.905 

2.698 

.34 

.36 

5.100 

4.76 

4.420 

4.301 

3.075 

2.870 

2.665 

.36 

.38 

5.175 

4.83 

4.485 

4.364 

3.038 

2.835 

2.633 

.38 

.40 

5.250 

4.90 

4.550 

4.427 

3.000 

2.800 

2.600 

.40 

.42 

5.325 

4.97 

4.615 

4.490 

2.963 

2.765 

2.568 

.42 

.44 

5.400 

5.04 

4.680 

4.554 

2.925 

2.730 

2.535 

.44 

.46 

5.475 

5.11 

4.745 

4.617 

2.888 

2.695 

2.503 

.46 

.48 

5.550 

5.18 

4.810 

4.680 

2.850 

2.660 

2.470 

.48 

.50 

5.625 

5.25 

4.875 

4.743 

2.813 

2.625 

2.438 

.50 

.52 

5.700 

5.32 

4.940 

4.807 

2.775 

2.590 

2.405 

.52 

.54 

5.775 

5.39 

5.005 

4.870 

2.738 

2.555 

2.373 

.54 

.56 

5.850 

5.46 

5.070 

4.933 

2.700 

2.520 

2.340 

.56 

.58 

5.925 

5.53 

5.135 

4.996 

2.663 

2.485 

2.308 

.58 

.60 

6.000 

5.60 

5.200 

5.060 

2.625 

2.450 

2.275 

.60 

.62 

6.075 

5.67 

5.265 

5.123 

2.588 

2.415 

2.243 

.62 

.64 

6.150 

5.74 

5.330 

5.186 

2.550 

2.380 

2.210 

.64 

.66 

6.225 

5.81 

5.395 

5.249 

2.513 

2.345 

2.178 

.66 

.68 

6.300 

5.88 

5.460 

5.313 

2.475 

2.310 

2.145 

.68 

.70 

6.375 

5.95 

5.525 

5.376 

2.438 

2.275 

2.113 

.70 

.72 

6.450 

6.02 

5.590 

5.439 

2.400 

2.240 

2.080 

.72 

.74 

6.525 

6.09 

5.655 

5., 502 

2.363 

2.205 

2.048 

.74 

.76 

6.600 

6.16 

5.720 

5.566 

2.325 

2.170 

2.015 

.76 

.78 

6.675 

6.23 

5.785 

5.629 

2.288 

2.135 

1.983 

.78 

.80 

6.750 

6.30 

5.850 

5.692 

2.250 

2.100 

1.950 

.80 

.82 

6.825 

6.37 

5.915 

5.755 

2.213 

2.065 

1.918 

.82 

.84 

6.900 

6.44 

5.980 

5.819 

2.175 

2.030 

1.885 

.84 

.86 

6.975 

6.51 

6.045 

5.882 

2.138 

1.995 

1.853 

.86 

.88 

7.050 

6.58 

6.110 

5.945 

2.100 

1.960 

1.820 

.88 

.90 

7.125 

6.65 

6.175 

6.008 

2.063 

1.925 

1.788 

.90 

.92 

7.20U 

6.72 

6.240 

6.072 

2.025 

1.890 

1.755 

.92 

.94 

7.275 

6.79 

6.305 

6.135 

1.988 

1.855 

1.723 

.94 

.96 

7.3.50 

6.86 

6.370 

6.198 

1.950 

1.820 

1.690 

.96 

.98 

7.125 

6.93 

6.435 

6.261 

]       1.913 

1.785 

1.658 

.98 

All  dead 

1.00 

7.500 

7.00 

6.500 

6.324 

1      1.875 

1 

1.750 

1.625 

1.00 

*  For  formulas  see  page  232. 
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Mr.  Wilson. 
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Mr.  Wilson. 
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Mr.  Seaman.  Henry  B.  Seaman,  M.  Am.  Soc  C.  E. — It  was  not  the  purpose  of 
the  paper  to  offer  anything  strikingly  novel,  or  unusual,  but  rather  to 
review  the  experiments  ujaon  which  the  fatigue  formulas  are  based, 
and  after  making  reasonable  deductions  from  them,  to  oiitline  a  speci- 
fication which  would  embody  these  results  in  a  concise  and  jn-actical 
form.  It  is  to  be  regretted  that  any  one  should  have  misconstrued 
these  deductions  as  advocating  any  precise  or  restricted  interpretation 
of  the  tests,  as  it  was  repeatedly  noted  that  they  were  too  few,  and  the 
material  too  variable,  to  permit  of  any  siach  construction.  To  propose 
a  new  formula,  even  of  the  form  outlined  by  Professor  Marburg, 
(7=  [Min.  +  2  (Max.  —  Min.)J  would  be  to  imply  a  definite  knowl- 
edge which  the  experiments  do  not  -warrant.  At  best,  the  2  to  1  ratio 
for  fatigue  is  an  approximation ;  but,  being  so  considered,  it  is  abetter 
general  interpretation  of  those  results  than  is  any  precise  formula  Avhich 
can  be  presented. 

The  use  of  the  Launhardt  formula  has  long  been  considered  the 
most  refined  interpretation  of  scientific  investigation,  and  has  been 
extensively  introduced  in  general  practice.  When  the  review  of  the 
experiments  upon  which  this  formula  was  based  showed  its  incon- 
sistency with  those  tests,  and  a  more  cai-eful  analysis  tended  to  con- 
firm what  had  been  the  best  practice  of  former  years,  it  seemed  proper 
that  the  matter  shoiild  be  laid  before  the  Society  for  consideration. 
One  of  the  strongest  endorsements  which  any  method  of  dimensioning 
can  receive  is  the  fact  that  its  general  features  have  been  long  in  vogue, 
and  if,  in  addition  to  this  prolonged  usage,  it  may  be  shown  that  the 
most  accurate  and  scientific  experiments  yet  made  upon  the  resistance 
of  materials,  serve  generally  to  endorse  this  same  practice,  it  will  be 
an  additional  confirmation  which  should  serve  to  establish  the  system. 

That  the  Launhardt  formula  should  have  received  so  little  defence 
in  the  discussion  would  appear  strange,  were  it  not  for  the  fact  that  no 
defence  can  be  made.  Mr.  Wilson's  request  for  further  experiments- 
before  discarding  the  foi'mula  would  indicate  that  he  has  not  fully  re- 
viewed those  already  presented.  The  results  of  these  tests  alone, 
destro}^  the  foundation  upon  which  the  formula  rests,  and  its  utter 
unreliability  is  most  fully  appreciated  after  reviewing  the  method  of 
derivation. 

The  table  comparing  the  resiilts  of  the  formula  with  those  of  ex- 
periment, as  published  in  the  translation  quoted,  was  as  follows 
(in  German  centners  per  square  inch*): 

0 

Exijeriment 500 

Formula 500 

It  will  be  seen  that  in  four  cases  out  of  five  the  results  agree  ex- 
actly, and  it  is  this  presentation  which  probably  misled  Mr.  Wilson,  and 
*  To  reduce  to  pounds  per  square  inch,  as  per  Engineerinn.  multiply  by  107. 


250 

400 

GOO 

1  100 

700 

800 

900 

1  100 

711 

800 

900 

1  100 
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many  others,  to  adoi)t  the  formula.  Siuce,  however,  the  value  of  1 100  Mr.  Seaman, 
is  not  in  Wohler's  tables  of  duration  tests  for  spring  steel,  it  would  be 
interesting  to  know  by  what  higher  authority  it  was  introduced  by 
Weyrauch.  It  is  also  important  to  know  whether  1  100  centners  rej)- 
resents  the  weight  at  which  the  matei-ial  broke,  or  the  maximum  load 
under  which  it  did  not  break.  In  either  case,  the  length  of  time  the 
test  piece  remained  under  strain,  as  compared  with  the  other  duration 
tests,  is  important.  It  is  evident  that  if  sufficient  time  is  allowed 
to  receive  the  advantage  of  judicious  cold-drawing,  the  ultimate 
strength  will  be  materially  increased.  The  table,  corrected  and  re- 
duced to  English  eqviivalents,  is  shown  on  page  147. 

From  an  inspection  of  Set  No.  1  of  spring  steel  it  is  apparent 
that  the  value  53  500  lbs.  (500  centners)  is  too  low,  and  that  a  weight 
between  this  and  the  next  higher  (64  200  lbs.  or  600  centners)  woiild 
have  been  sustained  indefinitely, 

A  change  in  either  the  value  of  n  (500  centners)  or  that  of  t  (1  100 
centners)  would  be  sufficient  to  change  the  results  of  the  Launhardt 
formula.  Since  one  of  these  values  is  undoubtedly  erroneous,  while 
the  other  is  very  questionable,  there  seems  little  excuse  for  its  further 
consideration.  The  fact  that  u  (500  centners)  is  less  than  one-half  t 
(1  100  centners)  is  a  further  indication  of  abnormal  conditions. 

The  confirmation  of  this  formula  would  therefore  appear  very 
unsatisfactory,  but  the  manner  in  which  the  formula  was  derived  is 
even  less  convincing.  The  statement  that  the  working  strength  is  a 
function  of  the  live  strain  is  the  most  vague  and  indefinite  conceivable; 
and  to  satisfy  this  and  establish  the  formula  by  the  interpolation  of 
an  arbitrary  value  which  will  fill  certain  stated  conditions  might  suggest 
inductive  rather  than  deductive  reasoning. 

Although  the  Launhardt  formula  fails,  the  theory  of  fatigue  has 
met  with  more  general  acceptance  than  was  anticipated.  The  chief 
objection  appears  to  be,  as  already  suggested,  to  the  use  of  the  word, 
rather  than  to  the  acceptance  of  the  idea.  Mr.  Cooper,  whom  the  au- 
thor regarded  as  the  most  prominent  opponent  to  this  theory,  suggests 
that  within  a  certain  "  range  of  action  "  (which  the  author  would  term 
range  of  work,  "  power  of  work,"  or  endurance),  the  elastic  capabilities 
of  the  material  may  be  measured  in  cycles  of  strain,  and  he  includes 
in  this  cycle  the  sum  of  alternate  strains.  This  is  precisely  the  idea 
which  the  author  intended  to  convey,  although  he  did  not  adopt  the 
word  "elastic  "  becaxxse  it  had  been  formerly  used  with  a  different  in- 
terpretation. 

Mr.  Schneider  more  ingeniously  adopts  directly  the  definition  of 
the  yield  point,  or  Bauschinger's  limit  of  uniform  elongation  for  his 
new  definition  of  "elastic  limit,"  overlooking  the  fact  that  the 
original  theory  of  jjerfect  elasticity  required  not  only  that  the  material 
elongate  in  direct  proportion  to  the  amount  of  applied  strain,  but  also 


238  CORRESPON'DEN'CE    ON    BRIDGE    SPECIFICATIONS. 

Mr.  Seaman,  that  it  recover  completely  its  original  unstrained  condition  as  soon  as 
the  applied  load  is  removed. 

It  is  due  to  the  fact  that  "  after  rest,"  as  Mr.  Cooper  has  happily 
expressed  it,  the  material  returns  "to  its  original  form,"  that  the  term 
fatigue  has  been  ixsed.  It  is  analogous  to  the  condition  of  animate 
nature,  which  is  callable  of  doing  a  certain  amount  of  work,  provided 
its  range  of  action  is  not  exceeded;  and  even  exceeding  this  range  or 
limit,  it  will  recover,  after  rest.  The  instance  of  the  fishing  snells, 
mentioned  by  Mr.  Waddell,  illustrates  its  general  acceptance,  and  bar- 
bers bear  similar  testimony  in  regard  to  their  razors. 

Professor  Johnson's  theory  that  the  true  explanation  of  fracture  is 
due  to  the  development  of  micro-flaws  rather  than  to  fatigue  might  be 
tenable  if  the  experiments  had  all  been  made  on  homogeneous  steel 
and  the  results  had  proved  less  uniform;  but  since  fibrous  wrought 
iron  was  used,  in  which  micro-flaws  do  not  develoi^,  and  since  the 
results  of  the  tests  on  spring  steel  are  comparatively  unifoi-m,  while 
the  development  of  micro-flaws  is  generally  confined  to  a  high  sulphur 
steel,  is  more  rapid  in  hard  than  in  soft  material,  and  does  not  show 
any  uniformity  in  results,  the  micro-flaw  theory  does  not  appear  to  be 
sustained  by  experiment. 

Soon  after  the  publication  of  the  paj^er,  a  statement  appeared  in  one 
of  the  technical  journals,  that  since  the  allowable  unit  strains  are 
within  the  elastic  limit,  there  is  no  necessity  of  considering  fatigue. 
Several  discussions  have  followed  the  same  suggestion.  Such  a  state- 
ment violates  the  fundamental  principle  of  scientific  bridge  construc- 
tion. A  well-designed  bridge  must  be  as  uniformly  economical  as 
unlimited  life  and  absolute  safety  will  permit,  and  there  is  no  more 
reason  why  the  dead  strain  should  be  a  ratio  of  the  elastic  strength 
than  that  the  live  strain  should  be  a  ratio  of  the  alternating  strength. 
It  is  not  merely  necessary  to  build  a  safe  bridge.  Such  a  bridge  may 
be  constructed  by  the  selection  of  a  uniform  allowable  strain  based 
solely  upon  the  alternating  strength,  but  it  would  be  a  design  which 
no  engineer  would  endorse. 

It  is  true  that  bridges  are  not  built  to  fail,  but  the  proj)er  design 
of  bridges  has  the  point  of  failure  constantly  in  view%  not  merely  for 
the  purpose  of  avoiding  it,  but  for  the  purpose  of  uniform  economy 
throughout.  A  factor  of  safety  is  selected  to  cover  contingencies 
which  may  exist.  Where  the  strains  are  defined  and  the  contingen- 
cies are  jjossible  defects  in  material  and  workmanshii?,  this  factor  is 
usually  3,  and  provides  that  only  one-third  of  the  full  area  of  the 
member  may  be  relied  upon  as  perfect  when  compared  with  the 
results  of  a  test  specimen.  While,  therefore,  the  material  may  receive 
a  nominal  strain  of  18  000  lbs.  or  more  per  square  inch,  estimated  on 
the  total  section,  it  is  supjjosed  actually  to  be  strained  close  to  the 
ultimate   strength   of  some  unseen   imperfection.       It  is  this  critical 
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section,  always  assumed  and  ever  possible,  to  which  the  bridge  is  Mr.  Seaman, 
designed.  This  is  economical  bridge  construction,  and  anything  short 
of  it  is  a  crude  approximation,  wastefully  expensive  in  proportion  as 
the  light  of  experiment  and  reason  is  hidden,  and  the  impulse  of  arbi- 
trary and  unreasonable  precaution  or  dictxm  is  followed.  If  the  factor 
of  safety  is  assumed  too  large  it  should  be  reduced,  but  advantage 
should  not  be  taken  of  it  to  confuse  other  irregularities  which  may  be 
properly  separated  and  defined. 

Furthermore,  it  is  not  merely  the  construction  of  bridges  which 
must  be  considered  in  outlining  specifications,  but  also  their  mainte- 
nance, since  it  is  here  that  the  closest  study  of  existing  conditions  is 
required  and  for  the  lack  of  which  many  efficient  bridges  have  been 
consigned  to  the  scrap  heap.     When  the  overloaded  structures  of  im- 
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poverished  roads  are  to  be  maintained  to  the  extreme  limit  of  absolute 
safety,  it  requires  a  most  careful  consideration  of  the  capabilities  of 
the  material.  The  experience  of  Mr.  Fowler  in  deciding  ui:)on  the 
final  life  of  a  bridge  but  illustrates  the  responsibilities  of  many  others 
in  similar  positions.  It  is  a  very  easy  matter  to  condemn  a  bridge, 
but  not  so  easy  to  maintain  it  to  the  final  limit.  In  such  cases  the 
question  of  fatigue  is  an  important  one. 

The  statement  that  a  table  for  impact  complicates  an  otherwise 
simiDle  method  of  dimensioning  is,  unfortunately,  true,  but  unavoid- 
able. Several  years  ago,  after  reading  the  paper  on  ' '  Stresses  in 
Bridges,"*  by  Wm.  H.  Booth,  M.  Am.  Soc.  C.  E.,  the  author  under- 
took the  theoretical  investigation  of  the  effect  of  impact,  upon  the 
assumption  that  a  load  instantaneously  applied  will  produce  twice  the 
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Mr.  Seaman.  eflFect  of  the  same  load  at  rest;  also  that  the  effect  varied  inversely  as 
the  time  consumed  in  its  application.     The  formula 
J  ^  Constant  -y/X  ^   Constant 
L  V~L 

was  adopted  as  a  jirobable  rej^resentation  of  the  effect  of  impact. 
When  the  present  pajjer  was  written,  the  notes  upon  which  this  form- 
ula was  based  had  been  lost,  and  the  formula  was,  therefore,  replaced 
by  the  table,  the  values  of  which  will  be  found  to  approximate  the 
curve  of  an  ellipse,  as  shown  in  the  diagram.  Fig.  6. 

The  formula  indicates  that  impact  will  be  much  increased  for  very 
short  spans  and  for  first  jjanels  of  long  spans.  The  diagrams  of  impact 
taken,  both  by  Professor  Robinson  and  by  Professor  Turueaure,*  con- 
firm this  fact  as  for  long  spans,  and  Professor  Turneaure's  statement 
that  the  impact  for  short  spans  was  so  sudden  that  the  instrument 
would  not  record  the  results  correctly  appears  to  give  coniirmation 
for  short  spans  as  well. 

The  effect  of  oscillation  after  the  train  is  fairly  on  the  bridge  is 
given  by  Professor  Robinsonf  at  50%"  and  by  Professor  Turneaure  as 
20  to  30%,  with  one  test  on  Bridge  No.  13  showing  33  per  cent.  Pro- 
fessor Turneaure  also  states  that  the  total  impact  (including  vibration) 
on  Sloans  of  50  ft.  and  less,  may  be  taken  at  40  to  50%,  and  decreases 
rapidly  to,  say,  25%  for  75-ft.  spans,  and  owing  to  cumulative  effect 
will  remain  approximately  constant  for  longer  spans  (to  150  ft.  or 
more).  By  adding  Professor  Turneaure's  constant  for  oscillation  (say 
S0%)  to  the  values  of  the  table,  it  will  be  found  to  give  50%"  for  20  ft. , 
40%  for  40  ft.,  37%"  for  50  ft.,  and  about  30%'  for  75  ft.  or  over.  Al- 
though impact  experiments  are  extremely  rough  and  approximate,  the 
confirmation  is  of  especial  interest.  It  will  be  interesting  to  note  what 
subsequent  experiments  may  show  on  sjjans  under  20  ft.  in  length. 

The  statement  that  the  present  specifications  were  written  from  the 
standpoint  of  the  railroad  company,  rather  than  from  that  of  the 
manufacturer,  has  elicited  criticism,  but  it  is  not  clear  upon  what  such 
criticism  is  based.  A  bridge  engineer,  with  training  in  bridge  sho23s 
and  experience  on  maintenance,  should  be  able  to  weigh  the  cost  and 
value  of  various  shop  requirements  and  to  specify  what  is  most  econo- 
mical to  the  railroad  company,  as  the  purchaser  and  user,  rather 
than  to  the  manufacturer  as  the  seller.  An  instance  in  point  is  the 
chemical  analysis.  The  manufacturer's  specifications  permit  0.08 
phosphorus  for  basic  and  0.10  lihosjihorus  for  acid  steel.  The  re- 
quirements of  0.04  phosi^horus  for  basic  is  almost  universal  with  rail- 
roads and  may  be  obtained  without  extra  cost. 

The  question  of  replacing  the  typical  engine  of  specifications  by 
an  equivalent  uniform  load,  with  a  single  concentration,  is  one  which 
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has  already  been  considered*  and  the  reason  for  not  doing  so  now  is,  Mr.  Seaman, 
that  snch  a  radical  change  in  a  general  specification  should  be  the 
work  of  a  committee,  if  one  should  be  appointed,  rather  than  that  of 
an  individual.  The  proposition  apj^ears  to  be  a  practical  one,  and  has 
been  adopted  by  some  roads, f  but  there  is  a  strongly  consei-vative 
feeling  that  where  the  tyjjical  engine  difiers  from  the  equivalent  load, 
the  latter  conforms  more  closely  to  actual  conditions,  and  should  be 
retained.  The  author  believes  the  difference  is  so  small  that  the 
change  would  be  acceptable  for  new  work  on  account  of  the  greater 
simplicity. 

The  reference  of  Mr.  Snow  to  the  importance  of  making  structures 
rigid  as  well  as  strong  deserves  the  greatest  emphasis.  It  is  this  feature 
which  makes  the  plate  girder  the  best  railroad  structure  in  service,  the 
riveted  lattice  truss  next,  and  reserves  pin-connected  work  for  long 
spans  where  the  dead  load  is  sufficiently  large  in  proportion  to  the 
live  to  give  the  structure  rigidity.  The  dead,  or  initial,  strain  in  any 
member  should  be  sufficient  to  overcome  any  recoil, from  impact  or 
vibration  of  the  moving  load,  and  where  the  dead  strain  is  not  suffi- 
cient, provision  should  be  made  for  a  rigid  member  or  for  an  initial 
strain  produced  by  counters.  The  latter  method  was  successfully 
iised  in  the  Post  trusses  which  were  often  of  short  spans,  with  counter 
rods  in  every  panel.  They  were  apparently  as  rigid  as  the  lattice 
truss,  and  if  the  same  methods  were  applied  to  short  Pratt  trusses  with 
rigid  lower  chords,  they  would  probably  be  found  quite  as  serviceable. 

The  statement  that  webs  of  plate  girders  resist  bending  strains  is 
undoubtedly  true,  and  it  is  partially  due  to  this  fact  that  the  plate 
girder  gives  such  good  service.  Properly  designed  web  plates  which 
are  bulged,  however,  were  probably  made  so  in  manufacture,  and  the 
suggestion  that  webs  be  made  sufficiently  strong  for  collision  is  one 
provided  for  by  the  stifteners,  and  which  no  specification  can  cover. 
Although  the  plate  girder  is  not  an  articulated  structure,  the  use  of 
stiffeuers  makes  it  approximately  so,  as  described  by  Kankine,  the 
web  acting  both  in  tension  and  compression,  the  former  predominating 
and  the  latter  existing  only  to  such  extent  as  the  tensile  strains  may 
stay  the  web  while  acting  as  a  column  in  the  diagonally  opposite  direc- 
tion. Instances  have  come  to  the  author's  notice  where  the  vertical 
strain  through  the  stiffener  fractured  the  support,  while  the  strain 
from  the  adjacent  web,  which  on  account  of  the  flexure  of  the  girder 
should  have  been  first  to  act,  produced  no  noticeable  effect.  Some 
specifications  iDermit  one-sixth  of  the  web  section  to  be  estimated  as 
flange  area,  and  it  will  do  this  service  if  it  is  continuous,  but  it  is  not 
an  easy  matter  to  properly  splice  the  web  for  bending,  and  with  rivets 
in  the  vertical  splice  spaced  three  diameters  apart,  it  leaves  but  f  of 
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Mr.  Seaman,  the  web,  or  f  X  ^  =  i  of  the  total  section  available  for  equivalent 
flange  section.  The  clause  of  the  specifications  considering  the  web  as 
resisting  shear  only,  is  in  very  general  use  and  is  a  conservative  j^ro- 
visiou.  In  the  review  of  old  structures,  however,  it  is  i)roi)er  and 
customary  to  make  allowance  for  the  resistance  of  the  web. 

The  placing  of  stifi'eners  of  plate  girders  has  always  been  subject 
to  arbitrary  specification,  and  that  used  in  the  present  instance  appears 
to  be  the  common  practice.  The  suggestion  as  to  double  stiffeners  at 
points  of  support  is  good,  and  is  not  ruled  out  by  the  sijecifications. 
On  the  other  hand  it  would  be  required,  whenever  necessary,  to  prop- 
erly distribute  the  strain.  The  proposition  to  complicate  the  spacing 
of  stiffeners  according  to  a  formula  does  not  seem  necessary  or  advis- 
able. 

The  explanation  of  the  different  formulas  in  use  for  finding  the  al- 
lowable strains  of  rollers,  c  X  V  d  and  c  X  d,  is  very  clearly  presented 
by  Mr.  Morison.  The  former  is  based  upon  the  resistance  of  materials 
to  crushing;  the  latter  is  based  upon  the  resistance  to  the  motion  of 
rolling,  and  is  advocated  with  the  statement  that  the  material  of  bed 
plates  might  safely  be  cold-rolled.  This  could  hardly  be  accepted  to 
the  unlimited  degree  the  formula  would  permit,  and,  if  carried  suffi- 
ciently far,  would  result  in  the  shearing  of  rivets  and  general  distor- 
tion of  the  metal.  Its  application  seems  only  justified  as  an  encour- 
agement to  the  use  of  large  rollers,  which  feature  may  be  otherwise 
specified.  It  would  seem  i)referable,  therefore,  to  adhere  to  the  old 
form  c  X  V  d  and  use  different  values  of  the  constant  c  for  dead  and 
for  live  load.  The  latter  provision  would  be  for  uniformity  in  the  si)e- 
cification  rather  than  for  any  resulting  effect  of  these  loads,  since  the 
strains  are  not  received  consecutively  by  the  same  sections,  as  the 
roller  moves. 

The  proposition  to  specify  different  allowable  strains  for  different 
kinds  of  masonry,  such  as  brick,  concrete,  etc.,  implies  that  this 
masonry  may  supjsort  the  iron  bed  plate.  Such  would  not  be  good 
practice,  even  for  highway  bridge  work.  In  every  case  a  proper  stone 
pedestal  block  or  cojjing  is  furnishcLl,  which  will  sustain  and  distri- 
bute the  applied  load  of  300  lbs.  jaer  square  inch.  Specifications  for 
the  metallic  structure  should  not  extend  beyond  this  block. 

The  pro^josition  to  limit  the  application  of  the  cohimn  formula 
comes  from  those  who  have  used  the  straight-line  formula,  which  is  of 
empirical  origin  and  applicable  only  between  limits.  The  rational 
formula,  however,  is  not  governed  by  the  same  limits,  but  is  applica- 
ble to  long  columns.  The  suggestion  that  the  ends  of  a  riveted  lattice 
web  member  are  fixed  is  hardly  consistent  with  the  statement  that  the 
top  chords  should  be  considered  hinged.  If  a  top  chord  is  hinged, 
the  panel  point  becomes  one  of  contra-flexiire,  and  this  fact  would  give 
an  initial  moment  to  the  web  member  which  would  be  more  injurious 
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to   a   eolumu   under   compression    than  if   the    connection    were   not  Mr.  Seaman, 
riveted. 

The  clause  forbidding  alternate  strains  has  been  very  justly  criti- 
cised, and  should  be  restricted  to  i^in-connected  members  as  originally 
intended. 

It  is  true  that  the  usual  specifications  for  sliding  friction  provide 
for  a  coefficient  of  20"o >  ^i^^  this  may  be  obtained  under  the  driving 
wheels,  but  the  usual  friction  of  stopping  trains  will  not  exceed  10%, 
and  the  most  perfect  brake  tests  on  long  trains,  which  have  come  to 
the  author's  notice,  showed  a  coefficient  of  less  than  13  per  cent. 
Since,  however,  the  allowable  strain  has  been  raised,  it  might  be  ad- 
visable to  retain  the  20%'  for  uniformity.  For  the  same  reason  the 
wind  pressure  should  be  increased  to  40  lbs.  to  conform  to  the  general 
practice  of  building  construction.  There  appears  no  reason  for  the 
distinction  which  has  heretofore  existed  between  these  classes  of 
structures,  in  this  respect. 

The  clause  requiring  upi^er-flange  plates  on  all  i^late  girders  is 
chiefly  one  of  festhetic  finish,  though  it  also  serves  to  cover  the  small 
water  pocket  formed  in  the  flange  by  the  web  plate  and  angles.  Where 
there  is  no  upper-flange  plate,  the  web  may  be  made  full  and  no 
Ijocket  formed,  and  for  deck  girders  it  is  decidedly  preferable  to  avoid 
the  varying  thickness  of  flange  plates,  as  well  as  the  rivet  ^heads.  It 
would  therefore  seem  preferable  to  avoid  upper-flange  plates  entirely, 
wherever  ties  rest  upon  the  upper  flange  ;  but  if  any  cover  plate 
is  used,  at  least  one  should  extend  full  length,  and  all  through 
girders  should  be  so  finished.  It  is  not  uncommon  also  to  specify 
round  corners  on  through  girders,  but  as  these  are  particularly  diffi- 
cult to  construct,  such  a  clause  may  be  left  to  the  individual  preference 
of  the  engineer. 

The  objection  to  ojien  turnbuckles  is  principally  that  they  are 
readily  tampered  with  by  the  use  of  a  bar.  There  are  few  roads  which 
would  ipermit  a  switch  to  remain  unlocked,  and  a  bridge  member 
would  86301  almost  as  important.  The  author  has  heard  of  instances 
where  sleeve-nuts  had  the  lower  thread  tight,  the  upper  thread  loose, 
became  filled  with  water,  froze,  and  cracked,  but  has  been  so  unfor- 
tunate as  never  to  have  seen  such  an  instance.  He  has  always  wond- 
ered why  the  lower  thread  should  always  remain  tight,  why  it  did 
not  become  loose  after  the  water  froze  the  first  time,  and  why  the 
material  did  not  stretch  a  little  before  cracking.  Neither  has  he  been 
able  to  understand  why  a  sleeve-nut  with  tight,  compact  thread,  but 
with  body  split  by  frosty  nature,  should  not  be  as  good  as  an  open 
turnbuckle,  with  sides  opened  in  manufacture.  The  ends  of  the 
rods  may  be  located  by  the  punch  marks,  12  ins.  from  the  end  of 
each  bar,  and,  if  deemed  necessary,  drain  holeS  may  be  drilled  in  the 
nut. 
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Mr.  Seaman.  There  does  not  appear  to  be  unanimity  as  to  whether  or  not  there 
should  be  tension  on  rivets,  some  preferring  no  tension,  while  others 
claim  they  will  stand  full  tensile  strain.  Both  are  in  a  measure  right. 
If  the  rivet  holes  are  perfectly  reamed,  the  edges  rounded  to  ^  in.,  and 
rivet  heads  sufficiently  large,  there  seems  to  be  little  reason  why  a 
steel  rivet  should  not  stand  full  tension;  but  when  we  consider  the 
difficulty  of  obtaining  work  of  this  character,  the  danger  of  its  neglect, 
even  when  sj^ecially  required,  and  the  impossibility  of  detecting  its 
omission  in  the  finished  worli,  the  use  of  rivets  in  tension  is  a  very 
questionable  practice,  even  though  carefully-made  tests  show  favor- 
able results.  It  seems  preferable,  therefore,  to  avoid  tension  on  rivets 
wherever  possible,  and  in  no  case  to  allow  more  than  one-half  value. 

The  suggestion  that  inspectors  shoiild  give  detailed  reports  of 
condemnation,  etc. ,  is  of  very  doubtful  wisdom.  Such  a  report  is  in- 
teresting and  appears  to  indicate  that  the  insj^ector's  services  are  valu- 
able, but  the  custom  is  very  ajit  to  lead  to  intiated  I'eports  and  to  end- 
less conflict  in  the  shops.  The  report  of  an  insijection  firm  which 
recently  came  to  the  author's  notice  was  so  full  of  condemnations  and 
corrections  of  bad  work,  that  the  structure  should  have  been  con- 
demned as  a  whole,  and  the  shops  closed.  In  order  to  avoid  just 
such  artificial  rejiorts,  the  author  provides  that  memoranda  may  be 
kept,  but  no  such  rei)ort  made  unless  called  for.  By  this  method, 
temptation  to  inflate  is  avoided,  and  the  engineer  receives  much  closer 
co-operation  in  the  shops.  Only  men  who  are  known  to  be  true 
should  be  employed,  and  their  work  should  be  checked.  In  this  way 
a  much  higher  class  of  work  is  secured  with  little  friction.  It  is  for 
the  same  reason  that  the  responsibility  is  thrown  upon  the  contractor 
until  the  work  is  completed.  The  resiilt  obtained  is  the  criterion 
sought. 

Mr.  Breithaupt's  exi^lanation  of  the  distinctive  use  of  the  words 
"stress"  and  "strain"  should  be  carefully  read  by  all  who  wish  to 
adopt  the  former  term.  The  indiscriminate  interchange  of  these 
words  has  become  very  general,  even  by  the  best  authorities,  and  it 
must  try  the  nerves  of  those  who  adhere  to  the  distinction,  to  see 
such  statements  as  "the  material  was  stressed  beyond  the  elastic 
limit."  The  author's  preference,  however,  is  to  use  the  word  strain 
in  every  case.  A  stress  is  a  delicate  force,  or  tendency  to  force,  which 
has  no  place  in  railroad  bridge  construction.  It  should  never  be 
used  outside  of  the  class-room,  and  should  be  restricted  there  as  far 
as  possible.  The  distinction  between  applied  strain,  and  internal  or 
molecular  strain,  may  be  made  when  necessary  by  the  joroper  use  of 
the  adjective,  and  even  Rankine,  when  he  suggested  the  distinction, 
could  hardly  have  foreseen  that  incongruous  combination  "  stress 
sheet,"  as  replacing  thfe  good  old  "  strain  sheet  "  of  former  times. 

The  question  suggested  by  Professor  Merriman  as  to  whether  the 
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percentage  of  impact  be  added  to  the  load  or  to  the  strain  may  be  Mr.  Seaman, 
answered  by  considering  the  purpose  of  such  impact  allowance,  which 
is  to  provide  for  the  increase  of  applied  load  due  to  sudden  apjilica- 
tion.  This  is  directly  jjroportional  to  the  live  strain  in  every  in- 
stance, even  in  the  case  of  cotinter  strain,  for  the  live  strain  is  not 
merely  the  alternate  strain,  but  it  is  the  total  live  strain  which  first 
neutralizes  the  initial  dead  strain,  and  then,  still  increasing,  pro- 
duces the  alternate  strain  in  the  opposite  direction. 

If  Professor  Winkler,  in  the  face  of  Wohler's  experiments,  en- 
deavored to  disprove  the  results  shown  by  them,  it  is  not  surprising 
that  his  task  has  been  a  difficult  one.  If,  however,  it  is  their  abuse 
which  he  deprecates,  whether  it  be  an  unwarranted  precision  in 
their  interpretation,  or  an  entire  disregard  of  their  teachings,  he  has 
led  where  others  must  follow. 

There  is  no  greater  abuse  of  these  exi^eriments  than  their  delib- 
erate misinterpretation,  or  an  endeavor  to  disparage  their  results. 
Precise  deductions  are  not  warranted,  but  to  limit  their  teachings  to 
the  statement  that  there  is  no  fatigtie  within  the  elastic  limit  is  to 
beg  the  question  entirely.  To  state,  as  Mr.  Schneider  does,  that 
"the  elastic  limit  is  actually  the  ultimate  strength,"  is  to  affirm  what 
these  exj^eriments  directly  disprove.  If  the  "elastic  limit"  of  34  240 
lbs.  is  the  real  ultimate  strength  of  fibrous  iron,  how  does  the  ma- 
terial stand  a  strain,  varying  between  47  08t)  lbs.  and  25  680  lbs., 
repeated  indefinitely,  without  fracture?  If  the  "elastic  limit"  of 
53  500  lbs.  is  the  real  ultimate  strength  of  spring  steel,  how  does  the 
material  stand,  without  fracture,  strains  varying  between  74  900 
lbs.  and  26  750  lbs. ,  between  85  600  lbs.  and  42  800  lbs. ,  or  between 
96  300  lbs.  and  64  200  lbs.,  each  in  turn  repeated  indefinitely  ?  The 
statement  "that  a  single  strain  (beyond  the  elastic  limit)  has  prac- 
tically de-5troyed  the  usefulness  of  the  material,  and  will  ultimately 
produce  rui^ture,  if  repeated  often  enough  "  is  absolutely  without 
foundation  and  contrary  to  established  results. 

Table  No.  1  as  published  by  Mr.  Schneider  is  interesting,  but 
would  have  been  more  valuable  if  he  had  described  in  detail  the 
method  and  rapidity  of  loading,  so  that  the  difference  between  these 
results  and  those  of  Wohler,  or  those  of  Mr.  James  Howard  cited  by 
Professor  Merriman,  might  be  explained. 

The  question  of  imj^act  has  already  been  reviewed,  but  when  Mr. 
Schneider  states  that  his  specifications  of  the  Pencoyd  Iron  Works 
for  1887  make  a  distinction  between  live  and  dead  strains,  he  over- 
looks his  former  claims  that  he  allowed  the  same  unit  strains  for  live 
and  dead  loads,  merely  increasing  the  former  for  impact  by  formula. 
He  is  correct  when  he  states  that  his  provision  for  impact  is  far  in 
excess  of  that  shown  by  experiment.  Does  not  his  impact  formula 
also  cover  fatigue  ?     The  author  has  so  regarded  it. 
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Mr.  Seaman.  Although  wind  is  live  strain,  it  rarely  occurs,  and  the  allowable 
dead  strain  is  permitted.  To  allow  the  same  strain  for  a  force 
which  is  rarely,  if  ever,  applied,  as  that  allowed  for  one  which  may 
be  applied  at  every  loading,  would  be  to  lose  sight  of  the  practical 
aijplication  of  the  results. 

The  present  tendency  toward  riveted-lattice  trusses  for  moderate 
spans  is  commendable,  for  the  reason  that  provision  is  made  for  reac- 
tion after  sudden  application  of  the  live  load,  when  the  live  load  is 
large  in  projiortion  to  the  initial  dead  strain  in  the  member,  though 
there  are  always  objectionable  secondary  strains.  The  extent,  how- 
ever, to  which  the  practice  of  rigid  bracing  is  sometimes  carried  by 
manufacturers  is  ludicrous.  It  is  not  an  uncommon  sight  to  see  the 
diagonals  of  trestle  bents,  or  the  main  laterals  of  truss  bridges,  made 
of  angles  so  long  that  they  sag  of  their  own  weight,  are  of  no  value  as 
struts,  and  permit  no  initial  counter  strain  to  give  rigidity  to  the 
structure. 

The  reciprocal  of  the  column  formula   Lf*  =  i>   (   1  -f-  lo^nTr^' ) 

will,  for  alternate  strains,  replace  that  formula  and  not  be  used  in  ad- 
dition to  it.  This  method  of  dimensioning,  therefore,  is  as  simjile  and 
direct  as  that  of  adding  the  sections,  and  is  more  clearly  rational. 

The  clause  requiring  six  rows  of  rivets  in  flanges  of  plate  girders 
over  16  ins.  wide  is  superfluous  and  may  be  omitted.  The  provision 
is  better  covered  in  a  general  clause. 

The  specifications  do  not  require  stiffeners  on  plate  girders  24  ins. 
deep  to  be  sj^aced  closer  than  4  ft.,  unless  necessary  for  concentrated 
loading. 

Terminal  cross-bracing  jilates  are  pro^jerly  called  batten  plates. 
Tie  plates  on  a  railroad  are  used  to  prevent  rails  from  cutting  into  the 
ties.  It  is  a  common  practice  to  make  batten  plates  1|-  times  the 
width  of  the  member. 

The  first  and  third  clauses  by  which  Mr.  Schneider  jiroposes  to 
avoid  "  gim-crack  "  construction  are  good,  but  if  the  second  clause  is 
used,  it  should  read  "resist  compression  as  well  as  tension,"  since  all 
,  lateral  systems  resist  tension,  and  but- few  resist  any  api^reciable  com- 

pression. It  should  also  specify  the  amount  of  compression  which 
must  be  sustained. 

The  criticism  of  "  lojj-sided  "  unsymmetrical  construction  will  be 
freely  endorsed,  and  general  practice  has  long  avoided  it  wherever 
possible,  but  the  plea  that  bending  moments  cannot  be  avoided  by 
placing  the  pin  in  the  neutral  axis  is  not  altogether  clear,  since  the 
distance  from  the  center  of  the  jun  to  the  center  of  gravity  of  the  sect- 
tion  is  a  factor  of  that  moment,  and  reducing  this  to  zero  will  eliminate 
any  result. 

The  clause  requiring  parts  to  be  assembled  in  the  shop  is  usually 
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executed    by    template   reaming   and    should    be    modified,    as    Mr.  Mr.  Seaman. 
Schneider  proposes. 

Eye-bars,  properly  manufactured  of  soft  steel,  will  not  require 
annealing. 

While  it  may  be  true  in  a  restricted  sense,  as  Mr.  Morison  suggests, 
that  columns  subject  to  comx^ression  fail  by  tension,  it  is  not  true  in 
the  broader  interpretation  of  the  condition.  A  column  placed  under 
compression" in  a  testing  machine  has  no  other  strain  applied,  and  any 
buckling  or  apparently  tensile  fracture  may  be  as  truly  the  result  of 
comiJression  as  of  tension.  There  can  be  no  tension  developed  in  any 
fiber  except  by  a  corresponding  increase  of  compression  in  other  fibers, 
and  this  increase  of  compression  must  be  added  to  that  which  is  re- 
ceived from  the  end  thrust.  It  is  therefore  probable  that  there  must 
be  incipient  failure  by  passing  the  elastic  strength,  in  compression, 
before  the  buckling  takes  place,  and  this,  in  fact,  would  cause  the 
biickling.  The  failure  of  the  column,  therefore,  is  solely  and  entirely 
due  to  compression. 

The  i^urpose  of  allowing  different  dead  and  live  strains,  is  three- 
fold: 1st,  to  provide  for  any  possible  effect  of  fatigue;  2d,  to  provide 
for  any  augmentation  of  the  live  load  due  to  vibration;  3d,  to  provide, 
to  some  extent,  for  possible  future  increase  of  moving  load  over  that 
assumed  in  calculation.  In  the  first  instance  it  is  generally  under- 
istood  that  fatigue  exists  under  compression  as  well  as  under  tension, 
and  requires  that  alternate  strains  be  added.  Also  that  when  the 
metal  is  overstrained  in  one  direction,  it  loses  at  once  its  power  of 
resistance  in  the  opposite  direction.  In  the  second  instance  the 
increased  strain  due  to  vibration,  and  provided  for,  even  by  Mr.  Mori- 
son,  in  the  tension  members,  is  transmitted  directly  to  every  compres- 
sion member.  In  the  third  instance  any  possible  future  increase  of 
moving  load  affects  every  member  of  the  structure,  whether  in  tension 
or  compression.  There  is,  therefore,  no  reason  why  a  uniform  strain 
should  be  adopted  for  compression  members  while  separate  strains  are 
used  in  tension  members. 

In  the  statement  that  plate  girders  should  be  made  as  nearly  a  solid 
piece  as  jjossible,  the  author  would  concur,  but  he  does  not  share  the 
doubt  expressed  as  to  the  efficiency  of  the  outer  flange  plates.  No 
rivets  of  greater  length  than  five  times  their  diameter  should  be  driven, 
and  holes  should  be  reamed  perfect,  before  driving.  If  these  rivets 
fill  the  holes  solid  there  is  no  reason  why  they  should  not  transmit 
strain  as  well  as  an  equivalent  amount  of  solid  material.  The  practi- 
cability of  this  featiire  is  in  the  workmanship,  and  this,  in  turn,  de- 
pends upon  the  specifications  and  the  shop  inspection.  The  greatest 
increment  of  strain  transmitted  to  the  flange  plates  occurs  at  the 
ends  where  the  thickness  of  these  plates  is  least.  Any  strain  trans- 
mitted near  the  end  is  thoroughly  distributed  over  the  entire  pile  by 
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Mr.  Seaman,  the  time  it  reaches  the  center,  and  the  increment  at  the  center  of  the 
girder  is  readily  jirovided  for  by  the  large  excess  of  rivets  which  are 
always  there  present. 

It  is  somewhat  disappointing  to  find  less  corroboration  in  the 
Michigan  Central  specifications  than  was  anticipated  from  Mr.  Schaub's 
remarks.      Those  specifications  allow  live    strains  at  two-thirds    the 

allowable   dead  strain,  and  use   the  impact  formula  /  =  1^, 

oUU 

if  L  is  less  than  100  ft.  Other  than  this  there  seems  to  be  no  con- 
firmation. 

The  practical  application  of  the  2  to  1  ratio  far  antedates  1882,  as 
has  been  so  fully  cited  by  Mr.  Wilson;  but  that  fact  does  not  detract 
from  the  value  of  Mr.  Schaiib's  endorsement. 

Mr.  Wright  deplores  the  prospect  that  machinery,  now  used  for 
reaming  high  steel,  may  become  idle  upon  the  advent  of  the  softer 
material,  but  it  is  doubtful  if  such  would  be  the  case.  Reaming  has 
been  specified  for  the  purpose  of  removing  injured  material  around  the 
holes,  but  the  matching  is  often  so  imperfect  that  all  reaming  is  on 
one  side  of  the  hole,  leaving  the  other  side  untouched.  Under  these 
circumstances  the  end  sought  is  not  accomplished  and  a  softer  steel 
is  advocated.  The  mismatched  holes  continue,  however,  and  it  is 
probable  that  these  machines,  now  used  to  remove  injured  material 
will  ultimately  be  reqiiired  in  all  cases  to  produce  perfect  work- 
manship. 

The  author  regrets  to  have  been  misunderstood  by  Mr.  Worcester 
as  advocaticg  the  use  of  the  Launhardt,  or  of  any  other  precise 
fatigue  formiala.  The  purpose  of  the  jDaper  was  to  show  that  no 
exact  formula  was  justified  by  the  experiments,  but  rather  that 
fatigue  could  be  considered  in  a  more  general,  though  only  approx- 
imate, ratio. 

To  the  inquiry  as  to  whether  the  same  allowance  be  made  for  im- 
pact in  floor  beams  of  a  double-track  bridge,  as  would  be  j^rovided  for 
a  single-track,  the  rejily  would  be  the  same  as  for  other  j^arts  of  the 
structure.  If  it  is  possible  to  load  them  simultaneously  it  may  also  be 
possible  to  receive  the  same  impact  simultaneously. 

The  proposition  to  abandon  the  intermediate  transverse  bracing  in 
double-track  through  bridges  has  been  often  urged,  but  the  objections 
to  its  use  appear  to  the  author  unfounded,  and  the  bracing  is  advan- 
tageous in  giving  comi^actness  to  the  structure.  The  side  deflection 
described  is  inapiJreciable,  and  decreases  the  uneven  vertical  deflec- 
tion, thus  tending  to  keep  the  floor  level  under  partial  loading.  The 
increased  deflection  of  one  truss  beyond  the  other,  which  results  from 
the  omission  of  this  bracing,  tends  to  increase  rather  than  to  decrease 
any  uneven  deflection  of  track.  The  arguments  ofi'ered  for  its  omis- 
sion apply  equally  well  to  high  through  bridges,  with  overhead  sway 
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frames.     Is   it   also    proposed  to  omit  these,   and  intermediate  knee  Mr.]Seaman. 
braces  as  well? 

The  reason  for  the  omission  of  the  lower  limit  in  the  ultimate 
strength  of  rivet  steel,  is  that  no  material  which  will  show  the  elonga- 
tion specified  can  fail  to  show  a  satisfactory  ultimate  strength.  There 
is  no  objection,  however,  to  its  insertion,  if  preferred. 

To  the  suggestion  that  oil  be  used  instead  of  paint  for  surfaces  in 
contact,  because  the  practice  is  to  paint  but  one  surface,  it  may  be 
said,  that  both  surfaces  should  be  painted.  This  is  a  question  of  in- 
siiection.  Oil  without  pigment  is  iiot  a  permanent  j)rotection  to 
iron. 

The  clause  for  initial  strain  io  adjustable  members,  quoted  from 
Mr.  Snow,  is  most  excellent,  though  to  those  not  familiar  with  its  use 
it  might  appear  to  elaborate  a  somewhat  arbitrary  requirement. 

In  Professor  Turneaure's  suggestion  that  the  specification  does  not 
make  sufficient  provision  for  impact,  he  has  apparently  overlooked  the 
fact  that  the  ratio  of  2  to  1,  as  used  in  the  specification,  provides  for 
vibration,  etc.,  as  well  as  for  fatigue.  What  proportion  of  this  ratio 
is  really  necessary  to  provide  for  fatigue  may  be  a  debatable  question, 
but  if  Professor  Turneaure's  allowance  of  30  to  40^  be  taken  and  the 
difference — say,  60^ — be  added  to  the  quantities  given  in  the  impact 
table,  the  allowance  will  be  found  to  be  very  liberal. 

The  suggestion  that  centrifugal  force  be  treated  as  a  live  load,  is 
pertinent,  though  it  should  be  remembered  that  this  force  is  entirely 
dependent  upon  the  speed,  which  is  variable  and  uncertain,  while  the 
vertical  loads  are  dependent  upon  gravity,  Avhich  is  always  present. 
The  bridge  being  designed  for  maximum  conditions,  and  the  item  a 
small  though  important  one,  it  would  be  well  to  make  the  provision 
suggested.  Sixty  feet  per  second  is  a  maximum  speed  for  heavy 
freight  trains,  for  which  the  bridge  is  designed. 

Of  the  general  importance  of  familiarity  with  shop  jDractice  by  de- 
signing engineers  there  can  be  no  question,  but  to  the  attitude  of  Mr. 
Moulton  that,  as  compared  with  en,gineers  employed  by  railroads  on 
maintenance,  shop  specialists  alone  understand  the  science  of  bridge 
design,  the  author  would  take  most  strenuous  excejation.  ExjDerience 
in  shops,  contemporary  at  least  in  part  with  that  of  Mr.  Moulton,  has 
taught  the  author  that  the  best  designs  which  "manufacturing  engi- 
neers "  produce,  are  those  which  maintenance  has  shown  to  be  most 
serviceable,  and  which  will  be  found  in  every  case,  to  conform  to  some 
sound,  principle  of  mechanics.  The  statement  that  manufacturers 
"  know  theii-  specialty  thoroughly"  is  reassuring,  and  if  true,  there 
should  be  no  necessity  of  the  shop  inspector  assuming  the  functions  of 
a  consulting  engineer  as  Mr.  Moulton  suggests.  The  assumption  that 
the  manufacturing  engineer  has  sufiicient  knowledge  for  the  inspector's 
guidance  is  the  very  danger  to  be  avoided.     It  might  save  the  reference 
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Mr.  Seaman,  of  important  questions  to  headquarters,  but  could,  hardly  be  considered 
advantageous  from  the  railroad  standi^oint. 

The  economies  of  the  j^ast  few  years  are  not  due  to  any  change  in 
design  to  conform  to  jjarticular  shop  practice,  but  rather  to  the  finan- 
cial stringency  through  which  the  country  has  i)assed  during  that 
time.  Prices  were  reduced  so  low  as  barely  to  pay  running  expenses, 
in  order  that  bridge  companies  might  continue  to  exist.  It  has  re- 
sulted in  cheajjer  work,  but  the  work  has  also  deteriorated  in  quality, 
and  it  is  believed  that  renewed  activity  will,  to  feome  extent,  restore 
former  conditions. 

The  statement  that  a  specification  "  should  be  broad  enough  to 
allow  the  special  knowledge  of  manufacturing  engineers  to  be  avail- 
able," exjjlains  why  it  should  embody  general  principles  rather  than 
specific  details. 

Bending  and  drifting  tests  have  been  omitted  because  they  are  crude 
in  comparison  with  the  tests  sjaecified,  and  are  valueless  either  to  con- 
firm or  to  refute  those  tests.  It  is  very  poor  material  which  will  not 
stand  the  drifting  test,  carefully  made,  and  such  a  test  is  worthless  in 
accej^ting  material,  though  it  may  reject  it. 

The  specification  for  wrought  iron  is  for  high-test  material  to  be 
used  where  loop-eyes  or  screw-ends  are  desired.  It  is  believed  that  iron 
is  preferable  in  all  such  cases,  even  with  the  same  unit  strain,  to  the 
best  grade  of  steel. 

Square  corners  in  re-entrant  angle  cuts  should  be  avoided,  as  Mr. 
Moulton  proposes. 

The  clause  allowing  three-fourths  value  for  oblique  section  between 
rivet  holes  is  based  upon  the  decreased  jjower  of  an  oblique  resistance, 
rather  than  upon  any  similarity  to  fibrous  wrought  iron. 

The  suggestion  of  Professor  Ricketts  that  rest  "  equal  to  the  length 
of  time  between  trains  on  a  raih'oad  bridge  "  may  remove  any  effect  of 
strain,  depends  upon  the  frequency  with  which  trains  are  run.  In  this 
connection  the  table  of  Mr.  Breitbauijt  showing  that  material  will 
stand  a  greater  number  of  repetitions  at  the  rate  of  72  per  minute  than 
at  the  rate  of  18  per  minute  is  interesting.  If  it  takes  days  to  remove 
the  effect  of  strain,  the  use  of  the  bridge  must  be  greatly  restricted. 
The  author  has  already  expressed  his  concurrence  with  the  view  that 
precise  fatigue  formulas  are  not  justified,  but  he  believes  that  fatigue 
must  receive  consideration  in  a  structure  which  may  be  subject  to 
constant  service. 

Mr.  Fowler's  method  of  deducing  safe  strains  can  hardly  be  con- 
sidered an  independent  demonstration.  It  is  applied  in  the  extreme 
values  only,  and,  therefore,  is  no  more  a  confirmation  of  the  Launhardt 
formula  than  it  is  of  the  2  to  1  ratio.  The  method  which  is  sometimes 
used  in  reviewing  old  bridges  is  to  assume  an  extreme  value  for  u  in 
the  Launhardt  formula  and  find  the  corresponding  strain  allowable. 


COREESPONDENCE    ON    BRIDGE   SPECIFICATIONS.  251 

The  contention  of  Mr.  Snow  that  "Woliler's  experiments  are  too  few  Mr.  Seaman, 
to  justify  any  precise  formula  for  fatigue  is  well  founded.     They  do 
show  that  fatigue  exists,  but  the  exact  effect  can  only  be  approximated, 
because  the  element  of  time  is  an  important  factor  and  has  not  received 
sufficient  consideration  in  the  experiments. 

The  question  whether  web  members  of  riveted  lattice  trusses  should 
be  considered  fixed  or  hinged  has  already  been  discussed,  but  the  sug- 
gestion that  upper  chords  of  lattice  bridges  may  be  partially  fixed 
while  those  of  pin  trusses  are  certainly  hinged,  calls  attention  again  to 
the  reason  for  the  distinction.  The  difference  is  due  to  rigidity  which 
may  be  received  from  the  web  members,  and  this  can  only  be 
produced  by  a  severe  bending  strain,  which  would  be  more  dangerous 
to  web  members  under  compi'ession,  than  if  their  ends  were  free. 

The  use  of  high  steel  for  eye-bars  seems  illusory  because  the  bars 
are  thoroughly  annealed,  and  the  material  so  softened  that  a  milder 
jiroduct  might  have  been  specified  in  advance.  It  is  a  moot  question 
whether  annealing  is  not  more  injurious  than  beneficial  to  the  material. 
Hard  spots  and  incipient  cracks  are  more  prevalent  in  hard  than  in 
soft  material  and  are  especially  objectionable  under  vibratory  tensile 
strain. 

The  defects  incident  to  high  steel  would  aj^i^ear  to  be  more  dangerous 
in  pins  than  in  any  other  part  of  the  structure. 

The  question  of  fatigue  and  its  application  to  bridge  construction 
has  already  been  considered  in  this  discussion,  but  the  following 
statement  by  Mr.  Waddell  illustrates  the  tenacity  with  which  the 
term  "elastic  limit"  is  retained:  "For  stresses  of  opposite  kind 
the  sum  of  the  two  intensities,  when  rupture  is  jjroduced,  is  also 
greater  than  the  elastic  limit. "  The  fact  that  the  alternate  strains 
must  be  added,  to  equal  the  "  elastic  limit,"  destroys  that  term,  as 
formerly  accei^ted.  If  the  material  were  perfectly  elastic  up  to  34  240 
lbs.  per  square  inch,  a  strain  of  —  25  000  lbs.  could  be  ajjplied  and  re- 
moved without  effect.  A  reverse  strain  of  -j-  25  000  lbs.  could  like- 
wise be  aj^plied  and  removed  without  effect,  and  the  material  could 
alternate  indefinitely  from  one  extreme  to  the  other.  Such  is  not  the 
case,  however,  as  the  material  stood  only  17  120  lbs.  under  reverse 
strains.  This  demonstrates  that  34  240  lbs.  was  not  an  "  elastic  limit  " 
but,  rather,  was  its  range  of  action,  or  power  of  work,  or  endurance. 

Mr.  Waddell  appears  to  be  somewhat  confused  as  to  the  distinction 
between  the  effect  of  fatigue  on  a  2  to  1  ratio,  and  the  effect  of  a  sud- 
denly applied  load  which  produces  twice  the  strain  of  the  same  load 
at  rest.  The  suggestion  "that  every  live  load  is  twice  as  destructive 
as  a  dead  load "  is  startling,  as  it  would  thus  require  but  four 
repetitions  of  the  allowable  live  strain  to  destroy  the  material.  Could 
the  author  have  been  so  misunderstood?  To  the  statement  that  "  the 
live  load  of  the  experiment  was  just  twice  as  effective  as  a  dead  load. 
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Mr.  Seaman,  in  that  it  was  applied  suddenly,"  Professor  Marburg's  statement  is  a 
correct  rejaly : 

"It  is  to  be  remembered  that  "Woliler's  tests  were  not  made  by  the 
application  and  release  of  known  loads,  in  which  case  the  stresses 
would  have  varied  with  the  rapidity  of  the  oi^erations,  and  would  have 
been  difterent  above  and  below  the  elastic  limit,  with  other  conditions 
constant.  The  apparatus  was,  on  the  contrary,  so  adjiisted  by  means 
of  calibrated  springs  that  the  stresses  themselves  remained  sensibly 
constant.     This  distinction  is  an  exceedingly  important  one." 

It  is  unnecessary  to  add  that  the  Launhardt  formula  has  not  been 
introduced  into  the  specification,  as  Mr.  Waddell  states. 

The  impact  effect  upon  a  panel  suspender,  as  compared  Avith  that 
of  a  chord,  has  no  connection  with  the  question  of  fatigue. 

"Unequal  tearing  "  alludes  to  the  i^ractice  of  connecting  but  one 
leg  of  an  angle  in  tension,  and  making  no  provision  for  the  resulting 
moment,  or  tendency  to  tear,  in  the  piece. 

The  author  has  not.found  opiaortunity  to  read  "De  Pontibus,"  but 
if  there  is  anything  therein  contained  which  permits  a  variation  in 
punching  exceeding  that  for  which  the  bridge  is  designed,  it  is  bad 
laractice,  and  should  be  corrected.  If  engineers  are  thus  lax,  what 
may  be  anticiijated  from  inspectors? 

To  Mr.  Cooiser's  discussion  the  author  has  little  to  add.  If  he  i^re- 
fers  the  expression  "  i-ange  of  action  "  to  "range  of  work"  or  "power 
of  work,"  the  preference  will  not  be  disi^uted,  and  even  if  the  old  term, 
"elastic  limit,"  were  completely  destroyed  in  its  old  meaning  and 
revived  in  a  new  one,  there  might  be  little  objection,  although  there  is 
no  "limit  "  jiroper,  but  rather  an  elastic  strength  or  jjower  of  work. 
The  i^ractical  impossibility,  however,  of  completely  shaking  oflf  the  old 
interpretation  is  shown  by  Mr.  Cooper's  suggestion  that  occasional 
tests  be  made  for  comparison  between  it  and  the  "yield  j^oint,"  which 
is  now  found  in  practical  testing  by  "  drop  of  beam." 

If  the  time  should  ever  come  when  stone  masonry  is  shown  to  have 
a  definite  strength  within  a  certain  "  range  of  action,"  and  to  require  a 
time  of  "  rest  "  to  restoi'C  its  original  strength,  we  may  well  use  the 
expression,  "  f atignie  of  stone  walls." 

Mr.  Giles'  suggestion  that  the  2  to  1  ratio  provides  sufficiently  for 
impact  implies  that  impact  would  be  the  same  for  all  spans.  All 
exijeriments  made,  however,  show  conclusively  that  there  is  a  large  ex- 
cess due  to  sudden  application  of  the  load  on  short  spans  and  on  the 
first  panels  of  long  spans.  There  apjjears  to  be  no  way  of  providing 
for  this  except  by  a  special  impact  formula  or  table. 

The  clause  providing  that  wind  pressure,  etc.,  shall  not  produce 
greater  strain  per  square  inch  than  that  allowed  for  dead  strain,  is 
based  upon  the  infrequency  of  the  strain  rather  than  upon  any  sup- 
position that  wind,  etc.,  is  dead  load. 

The  author  wishes  to  endorse  Mr.  Giles'  suggestion  that  tension  on 
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rivets  slioiild  be  avoided,  but  if  in  exceptional  eases  it  is  unavoidable,  Mr.  Seaman. 
a  prescribed  allowable  strain  should  be  established. 

The  clause  jjroviding  for  the  iise  of  bolts  instead  of  pins  refers  to 
rough  bolts,  but  they  might  well  be  omitted  altogether  on  this  class 
of  work. 

The  suggestion  of  Mr.  Greiner  that  a  committee  should  be  ap- 
pointed for  the  purpose  of  j)rocuriQg  greater  imiformity  in  bridge 
specifications  desei-ves  support.  There  is  little  danger  that  the  work 
of  such  a  committee  would  be  misunderstood  or  considered  a  bar  to 
individual  development,  but  it  would  tend  to  eliminate  many  useless 
differences  which  at  present  exist,  and  would  record  individual  views 
in  discussion  as  no  single  paper  can  possibly  do.  The  difficulty  in 
the  work  of  such  a  committee,  however,  is  little  realized  by  those 
who  have  not  undertaken  it.  The  Committee  on  Eails  took  four  years 
in  which  to  formulate  a  rej^ort  on  simjile  shapes,  with  few  items  in 
theory  or  practice  to  harmonize.  The  Committee  on  Tests  of  Material 
worked  five  years  under  similar  conditions,  and,  after  repeated  un- 
successful attempts  to  have  meetings,  formulated  a  brief  report  by 
correspondence.  It  was  with  appreciation  of  the  difficulties  of  such 
work  that  the  jDresent  si^ecifications  were  oftered  for  discussion,  and  it 
is  gratifying  to  note  that  those  taking  part  have  done  so  in  the  same 
spirit  with  which  they  were  offered,  and  have  not  confined  themselves 
to  intangible  generalities,  but  have  made  most  valuable  suggestions  and 
modifications. 

As  has  already  been  noted,  railroad  specifications  should  be  writ- 
ten from  the  standj^oint  of  the  raih'oad  company,  and  in  so  doing  every 
economy  will  be  considered,  but  it  is  the  economy  of  durability  rather 
than  that  of  inferior  workmanship. 

It  is  to  be  regretted  that  anyone  should  hesitate'to  discuss  matters 
of  opinion.  Specifications  can  hardly  be  written  without  them,  and 
an  opinion  which  will  not  bear  discussion  and  possible  modification  is 
of  doubtful  value. 

A  careful  reading  of  the  paper  will  probably  make  plain  any 
apparent  ambiguity  in  regard  to  compression  in  members  subject  to 
alternate  strains.  Mr.  Greiner  did  not  state  whether  the  required 
section  found  by  addition  would  be  the  necessary  net  or  gross  area. 

The  opinion  expressed  against  chemical  analysis  is  not  in  con- 
formity with  the  present  practice.  No  short-time  j^hysical  tests  can 
be  made  which  will  detect  micro-flaws  due  to  high  sulphur.  How 
does  Mr.  Greiner  provide  for  this,  or  does  he  consider  it  the  invention 
of  "theorists  "  ? 

The  opinion  in  favor  of  drifting  tests  is  directly  contrary  to  that 
held  by  the  late  James  G.  Dagron,  M,  Am.  Soc.  C.  E.,  who,  for  many 
years,  was  Chief  Inspector  of  the  Baltimore  and  Ohio  Kailroad,  and 
later  Engineer  of  Bridges  of  that  road. 
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Mr.  Seaman.  In  Mr.  Greiner's  statement  that  the  specifications  do  not  jjrovide 
against  bad  details,  he  has  probably  overlooked  the  clause  which 
requires  all  working  drawings  to  be  stibmitted  for  the  approval  of  the 
railroad  company. 

The  series  of  quotations  cited  by  Mr.  Wilson  in  eorrol)oration  of 
the  2  to  1  ratio  is  most  timely  and  pertinent,  and  is  the  strongest 
endorsement  possible  for  this  ratio.  When  an  examination  of  the 
fatigue  experiments  indicates  a  corresponding  ratio,  it  demonstrates 
that  this  item  may  be  included  in  the  same  proportion.  It  is  cer- 
tainly the  simplest  ratio  conceivable  and  shoiild  require  the  strongest 
evidence  of  error  to  justify  its  abandonment  for  any  other  method  of 
proportioning. 

When  Mr.  Cooper  questions  fatigue,  but  adopts  the  2  to  1  ratio  to 
cover  "contingencies  unknown  ";  and  others,  realizing  the  existence  of 
fatigue,  note  that  it  should  be  i^rovided  for  in  the  same  ratio,  the 
margin  of  difference  is  very  slight. 

The  increased  impact  on  short  span  has  long  been  recognized, 
and  recent  experiments  give  more  definite  light  ui^on  this  subject, 
though  much  yet  remains  to  be  learned. 

The  tables  published  by  Mr.  Wilson  are  interesting  records  of  the 
method  originally  adopted  by  him  in  the  use  of  the  Launhardt  formula. 
It  is  doiibtful  if  there  is  any  column  table  adopted  since  this,  which  is 
as  quickly  applied  to  new  work. 

It  is  unfortunate  that  a  difference  should  have  arisen  as  to  the 
equivalent  of  the  German  centner  per  square  inch,  because  it  does  not 
affect  the  comparative  results,  and  tends  to  confuse  a  subject  already 
somewhat  abstruse. 

By  Engineerinii,  1  centner  per  square  inch  (German)  ^^^  107  lbs. 
per  square  inch  (English). 

By  Professor  Marburg,  1  centner  per  square  inch  (German)  =  104 
lbs.  per  square  inch  (English). 

It  api:)ears  that  the  German  inch  is  itself  variable  in  the  different 
German  kingdoms,  and  that  Professor  Marburg,  after  careful  investi- 
gation, has  probably  reached  the  correct  value,  but  to  avoid  confusion 
in  the  discussion  the  author  has  for  the  present  paj^er  adhered  to  the 
value  given  by  Engineering. 

The  criticism  that  the  results  on  wrought  iron  were  obtained  by 
strains  of  difi'erent  kind  is  correct,  as  shown  on  page  142,  but  the 
statement  that  the  formula  for  transverse  strain  does  not  ai)ply  to 
strains  beyond  the  elastic  limit,  is  irrelevant,  since  the  formula  was 
only  used  where  the  strains  were  within  that  assumed  limit.  The 
value  of  300  centners  (32  100  lbs.)  which  Professor  Marburg  uses, 
does  not  conform  to  the  published  tests;  for  though  32  100  lbs. 
(300  centners)  was  ajJiDlied  indefinitely,  so  also  was  34  240  lbs.  (320 
centners).     It  is  true  that  the  tension  tests  of  34  240  lbs.  resulted 
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in   rupture,  but   this   was    only   after    10  141  645   repetitions,    -wliich  Mr.  Seaman. 
■would  at  least  indicate  that  it  was  very  close  to  the  cori-ect  value. 
The  value  of  47  080  lbs.,  25  680  lbs.  was  carried  only  to  4000  000  repe- 
titions.    It  is  not  clear,  therefore,  why  these  values  are  not  truly  com- 
parative. 

Professor  Marburg  has  introduced  Groups  III  and  IV,  but  states 
that  data  were  not  available  by  which  he  could  plot  Group  III  in 
Fig.  5.  It  was  for  a  similar  reason  that  the  author  excluded  these 
groups  altogether.  They  are  not  sufficiently  complete  to  prove  that 
they  are  not  abnormal,  and  are  of  little  value  in  comparison  with 
Group  II.  The  author's  purpose  in  the  2  to  1  ratio  was  more 
especially  in  comparison  with  the  Launhardt  formula.  In  the  appli- 
cation of  this  ratio  to  bridge  construction  the  element  of  fatigue 
becomes  only  a  partial  factor. 

It  is  not  clear  why  the  fourth  and  fifth  items  of  Group  I,  Table  No. 
5,  are  added,  since  they  are  not  included  in  Wohler's  duration  tests. 
The  same  criticism  api^lies  to  the  tifth  and  sixth  items  of  Groui?  II. 

Fig.  5  shows  a  noticeable  uniformity,  even  in  the  discrepancy  of  the 
tests  from  the  line  c  b  and  would  approximate  a  line  running  from 
5j  at  c  to  11  at  b.  It  is  to  be  regretted,  however,  that  the  jjajaer  should 
have  been  misconstrued  as  advocating  a  jDrecise  interpretation,  even 
of  the  2  to  1  ratio,  as  it  was  this  very  precision  which  the  author  " 
wished  to  avoid,  and  believed  he  had  disj^roved.  It  was  expressly 
stated  that  the  experiments  were  "too  incomplete  to  be  considered  as  a 
demonstration  of  an  exact  law,"  and  the  "  deductions  were  by  no  means 
conclusive."  but  "the  ratio  receives  much  more  confirmation  than 
doe^  the  Launhardt  formula."  This  last  statement  remains  un- 
touched. 

Professor  Marburg  evidently  regards  the  theory  of  work,  as  one  to 
be  measured  by  force  x  distance,  since  he  considers  the  records  of  de- 
formation as  necessary  to  that  theory.  The  word  "work,"  however, 
was  used  in  the  sense  of  an  exertion  of  strength,  whether  it  be  physical 
work,  brain  work,  or  other  form  of  energy. 

There  appears  to  be  some  difference  between  the  interpretation  of 
Bauschinger's  results  by  Professor  Marburg  and  by  the  author.  It  is 
unfortunate  that  no  authorized  translation  has  yet  been  made,  but 
Professor  Marburg  has  evidently  failed  to  grasja  the  difterence  between 
the  "elastic  limit  "  as  formerly  understood,  and  that  which  has  been 
modified  to  meet  Bauschinger's  experiments.  According  to  the 
author's  memoranda  these  exijeriments  showed  that  the  old  definition 
of  elastic  limit,  based  upon  the  absence  of  permanent  elongation 
must  be  abandoned  from  the  beginning,  since  the  permanent  elonga- 
tion is  never  entirely  eliminated  after  a  strain  is  once  applied.  If  the 
term  "elastic  limit,"  or  better,  "elastic  strength," is  retained,  it  must 
be  with  Bauschinger's  new  definition,  as  limit  of  uniform  elongation. 
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Mr.  Seaman.  Bauschinger  also  found  a  second  limit  which  he  termed  the  "limit 
of  strength  "  [streck  r/7'etize).  Within  this  second  limit  the  elongation 
does  not  increase  nnder  continued  action  of  a  static  load;  nor  does  it 
diminish  after  the  load  is  relieved.  Beyond  this  second  limit  the 
elongations  increase  nnder  static  load,  during  several  hours  or  possibly 
days;  and  after  the  load  is  removed,  the  elongations  decrease. 

Bauschinger  made  some  very  interesting  deductions,  too  profuse  for 
insertion  here,  and  some  of  which  may  perhaps  be  questioned  in  view 
of  experiments  made  by  others,  both  before  and  since  that  time,  but 
they  throw  new  light  upon  Wohler's  tests  and  their  practical  applica- 
tion. Among  the  most  pertinent  of  his  deductions  are  those  which 
describe  the  almost  infinite  number  of  "elastic  limits  "  which  may 
develop  under  various  conditions,  and  also  that  which  explains  that 
when  the  "  elastic  limit  "  is  exceeded  by  strains  in  one  direction,  it  is 
at  once  completely  destroyed  for  strains  in  the  opposite  direction; 
thus  jjossibly  explaining  the  fact  described  by  Mr.  Morison,  that 
columns  subject  to  compression  apparently  fail  by  buckling  in  ten- 
sion. Bauschinger's  statement  that  when  a  jjiece  has  been  subject  to 
strains  repeated  many  times,  the  resistance  to  rupture  under  static 
load  is  not  diminished  by  them,  but  rather  is  increased,  is  also  of  the 
greatest  importance,  in  view  of  the  effort  made  by  some,  to  limit  the 
dead  strain  to  values  "  well  within  the  elastic  limit." 

If  the  chief  interest  in  Wohler's  ex]3eriments  were  found  in  the  fact 
that  they  proved  ' '  (a)  that  innumerably  repeated  stresses  of  like  char- 
acter, not  exceeding  the  primitive  elastic  limit,  cannot  produce 
rupture,  and  {h)  that  the  safe  limit  for  equal  stresses,  opposite  in 
character,  is  far  below  the  primitive  elastic  limit,"  their  value  would 
be  limited  indeed.  These  facts  have  long  been  recognized  and  pro- 
vided for.  The  real  value  of  Wohler's  experiments  and  of'those  of 
Bauschinger,  which  followed,  lies  in  the  fact  that  they  show  ap- 
proximately what  may  be  expected  beyond  the  "elastic  strength," 
and  thus  make  possible  an  additional  factor  of  safety  and  economy  in 
bridge  design. 

The  author  does  not  share  the  regret,  kindly  expressed  by  several, 
that  the  prevailing  tendency  of  discussion  is  to  criticise.  Such  a 
discussion  by  men  who  are  recognized  authorities  upon  the  subject  of 
which  they  write  is  j^robably  the  most  severe  test  to  which  a  jaroposi- 
tion  can  be  subjected,  and  is  a  wholesome  restraint  upon  radical  and 
purposeless  innovations. 

The  specifications  in  Appendix  B  have  been  revised  by  the  light 
of  the  discussions  received. 
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SPECIFICATIONS  FOR   STEEL  RAILROAD   BRIDGES 
(REVISED.) 


Pkoposals  and  Drawings. 

1.  Each  bidder  shall  submit  with    his  proposal    complete  strain  Preliminary 
sheets,  showing  loads  assumed  in  calculations  and  the  resulting  strains,       Pl^ns. 
and  the  sections  used.     The  strains  from  each  kind  of  load  shall  be 

shown  separately,  and  the  dead  load  assumed  shall  not  be  less  than 
that  of  the  finished  structure.  At  the  same  time,  each  bidder  shall 
submit  general  plans  of  the  structure,  and  such  details  as  will  show 
clearly  the  construction  of  all  members  and  connections.  In  case  of 
draw  bridges,  all  machinery  shall  be  similarly  shown. 

2.  All  drawings  furnished  by  the  railroad  comj^any,  whether  of 
general  location  or  of  details  of  construction,  shall  be  strictly  fol- 
lowed. 

3.  Upon  the  award  of  the  contract  and  before  work  is  commenced,  Drawings 
a  complete  set  of  working  drawings,  in  duplicate,  including  strain  *^PP'"oved. 
sheets  and  general  drawings  previously  mentioned,  shall  be  submitted 

to  the  railroad  company  for  apiiroval.  All  material  ordered  or  work 
done  before  the  drawings  are  approved  shall  be  at  the  risk  of  the  con- 
tractor. 

4.  All  drawings  shall  be  made  on  the  dull  side  of  tracing  cloth,  and  Uniform 
of  a  uniform  size  of  2-1  x  36  ins.     After  the  work  is  completed,  these    ^^''^*'*''- 
drawings,  in  good  condition,  shall  become  the  property  of  the  railroad 
company  for  file.     The  contractor  may  retain  such  prints  or  coi^ies  of 

them  as  he  may  desire  for  record. 

Genekal  Provisions. 


of  truss. 


5.  The  structure  shall  be  wholly  of  rolled  steel  and  wrought  iron.    Type 
A  type  of  truss  shall  be  used  in  which  the  strains  may  be  readily  calcu- 
lated and  which  subjects  no  i^in-conuected  member  to  alternate  strains. 
Continuous  girders  will  be  allowed  only  in  case  of  uj^per  chords  carry- 
ing floors,  and  in  special  cases  of  draw  bridges. 

6.  Double-track,  through-truss  bridges  shall  have  only  two  trusses, 
and  four-track  bridges  only  three  trusses,  unless  otherwise  sjjecified. 
In  the  case  of  plate  girders,  special  jjrovisions  shall  be  made  for  spread- 
ing the  tracks  when  necessary. 
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Wooden 
floor. 
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7.  All  tliroiigh  i3in-connected  bridges  shall  have  floor  beams  con- 
nected by  a  web,  with  both  segments  of  the  posts.  Hip  verticals  shall 
be  made  rigid.  All  si:)ans  shall  have  rigid  end  panels  of  lower  chord 
when  required. 

8.  When  in  deck-plate  girders  the  variation  in  thickness  of  upper 
flange  plates  exceeds  1  in. ,  a  separate  floor  system  of  stringers  shall  be 
provided  to  carry  the  ties. 

Clearance.        9.  The  distance  from  center  to  center  of  double  track  is  13  ft.  * 

10.  All  through-bridges,  on  tangents,  shall  have  a  clear  opening  as 
shown  on  the  clearance  diagram.  Fig.  7,  or  as  may  be  required  by 
local  State  laws.      The  width  shall  be  propor-  ^i 

tionately    increased    for    two    or    more   tracks. 

On  curves,  the   height   and  width  shall  be  in-         _^ J^^j 

creased  as  required  by  curvature  and  elevation 
of  rail. 
Floor         11.  All  bridges  shall  be  pro\dded  with  a  steel        , 
system,  g^^^.  gyg^em.      Stringers  and  deck-plate  girders        C  [<-7V- 
shall  be  spaced  a  distance  apart  between  cen-  i 

ters    equal   to   their    depth,    with   a    minimum        ^^ 
limit  of  6  ft.  6  ins.,  unless  otherwise  required.  "t    \  base  of  rail/    j. 

12.  The  wooden  floor  of  ties  and  guard  rails 
will  be  furnished  and  put  on  by  the  railroad 
company,  unless  otherwise  specially  provided 
by  contract.  The  cross-ties  shall  be  of  long-leafed  yellow  pine,  8  ins. 
square  and  9  ft.  long,  spaced  6  ins.  apart  in  the  clear  and  notched  ^  in. 
over  the  stringer.  In  cases  where  the  stringers  are  spaced  more  than 
6  ft.  6  ins.  apart,  the  depth  of  the  tie  shall  be  increased  so  that  the 
strain  on  the  outer  fiber  does  not  exceed  1  000  lbs.  per  square  inch, 
considering  the  weight  of  a  single  driver  as  being  carried  by  two  ties. 

13.  Guard  rails  of  long-leafed  yellow  pine,  6x8  ins.  shall  be  placed 

3  ft.  9  ins.  in  the  clear,  from  the  center  of  the  track.     They  shall  be 

notched  h  in.  over  the  cross-ties  and  spliced  with  a  horizontal  half  and 

half  joint,  6  ins.  long  over  a  tie.     They  shall  be  bolted  to  the  cross-tie 

at  the  splice,  to  the  cross-tie  next  adjacent  to  the  splice,  and  to  every 

fourth   tie    between,  by  |-in.  bolts.     To  all  other  ties  they  shall  be 

fastened    by  f-in.   square  spikes.     Inside  rail-guards  shall  be  placed 

at  a  distance  of  7  ins.  in  the    clear   inside  the  track  rail,  and  shall 

extend  back  over  the  approach  to  a  point  not  less  than  50  ft.  from  the 

back  wall. 

Loads. 

14.  The  structure  shall  be  designed  to  resist  the  strains  from  the 
following  loads; 

Dead  load.        15.  The  dead  load  shall  consist  of  the  entire  weight  of  the  struct- 
ure, properly  distributed  at  the  various  panel  points. 

*  This  distance  may  vary  according  to  the  practice  of  different  roads. 


CLEARANCE 
DIAGRAM 


Fig. 
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16.  The  weight  of  rails,  guard  rails,  splices  and  bolts  shall  be  esti- 
mated at  175  lbs.  per  lineal  foot  of  track :  ties  of  standard  dimensions 
at  225  lbs.  per  lineal  foot  of  track,  and  special  ties  at  4|  lbs.  per  foot 
B.  M. 

17.  The  live  load  shall  be  the  moving  load,  with  impact.     The  mov-  Live  load, 
ing  load  shall  consist  of  two  typical  consolidated  engines,  followed  by 

a  train,  and  distributed  as  shown  in  the  diagram.  Fig.  8. 
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Fig.  8. 

18.  There  shall  be  as  many  trains  as  tracks,  each  placed  in  such 
j)osition  as  to  produce  the  maximum  strains  in  the  structure. 

19.  The  impact  will  be  the  increase  of  live  strain,  due  to  the  sudden  impact, 
api^lication  of  the  moving  load,  and  shall  be  provided  for  according  to 

the  following  table  by  interpolation : 

L  (ft.)         0      10       20      30      40       50       60       70      80      100 
/  {%)       50      28      20       14       10        7        4        2         1  0 

Where  L  =  Distance  in  feet  through  which  the  moving  load  must 
pass  to  produce  the  given  strain. 
/  =  Percentage  of  increase  of  moving  load. 

20.  When  the  bridge  is  on  a  curve,  the  lateral  bracing  and  vertical  Centrifugal 
trusses  shall  be  proportioned  to  resist  the  centrifugal  force  due  to  as 

many  trains  as  there  are  tracks,  moving  in  the  same  direction,  at  the 
rate  of  60  ft.  per  second. 

21.  Provision  shall  be  made  for  the  sudden  starting  or   stopping  Sliding 
of  trains,  estimating  the  coefficient  of  sliding  friction  at  20  per  cent. 

22.  Provision   shall  be  made  for   wind  pressure,   acting  in  either     Wind 
direction  horizontally  of  40  lbs.  per  square  foot  of  the  surface  of  all  P'®^^"'®- 
trusses  and  the  floor,  as  seen  in  elevation,  considering  the  ties  solid 

area;  in  addition  to  a  train  10  ft.  high,  beginning  2  ft.  6  ins.  above 
base  of  rail,  and  moving  across  the  bridge.  In  the  case  of  i^late 
girders,  only  one  girder  need  be  considered.  The  wind  forces  shall 
be  properly  distributed  between  the  upper  and  lower  chords. 

23.  Provision  shall  be  made  for  a  variation  of  temperature  of  150-  Expansion, 
Fahrenheit. 

AijI>owabl,e  Stkains. 

24.  The  live  strain  will  be  the  total  variation  in  strain  produced  by     Live  and 
the  live  load.     The  dead  strain  will  be  the  minimum  strain  to  which  a 
member  is  subjected. 
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25.  The  allowable  live  strain  per  square  inch  shall  not  exceed  one- 
half  of  that  permissible  for  dead  strain. 

26.  The  allowable  dead  strain  per  square  inch  for  rolled  steel  shall 
not  exceed  18  000  lbs. 

27.  When  wrought  iron  is  used,    the    allowable    dead    strain    per 
square  inch  shall  not  exceed  16  000  lbs. 

Columns.  28.  For  columns  subject  to  direct  compression  only,  the  allowable 
working  strain  of  18  000  lbs.  per  square  inch  shall  be  reduced,  in  pro- 
portion to  the  ratio  of  length  to  least  radius  of  gyration,  by  the  fol- 
lowing formula: 

18  000  lbs. 
P  = /2 

^  "^  18  00072 

Where  ^)  =  allowable  dead  strain  per  square  inch,  in  pounds, 
/  =  length  of  column,  in  inches, 

r  =  least  radius  of  gyration  of  cross-section,  in  inches. 
29.  For  columns  subject  to  alternate  strains  of  tension  and  com- 
pression, the  comjaressive  strain  shall  be  increased  to  provide  for  the 
increase  of  strain  due  to  flexure  in  jjroportion   to    the    ratio   of   the 
length  to  the  least  radius  of  gyration  by  the  formula: 


~  ^'    V  "•"  18  000  rO 


Where  y)  =^  direct  compression  in  member, 

P  =  increased  strain  due  to  length  of  column, 
I  and  r  =  length  and  least  radius  of  gyration  of  cross-section,  in 
inches. 

30.  The  increased  compressive  strain  ijer  square  inch  (gross)  thus 
found  shall  be  added  to  the  tensile  strain  per  square  inch  (net),  and 
the  resulting  total  unit  strain  shall  not  exceed  that  specified  for  live 
strain. 
Compression  31.  In  the  case  of  compression  flanges  of  beams  and  girders,  the 
anges.  allowable  working  strain  per  square  inch  of  such  flanges  for  dead 
strain  shall  be  computed  by  the  formula: 

18  000  lbs. 


G  = 


1  +  .  " 


5  000    iiy' 
Where  C  =  allowable  compressive  strain  per  square  inch, 

/  :=  unsupported  length  of  compressed  flange,  in  inches, 
w  =  width  of  flange,  in  inches. 

Strains  on  32.  The  shearing  on  pins,  rivets,  and  bolts  shall  not  exceed  for 

pms,  rivets,etc.  ^^^^  strain  13  500  lbs.  per  square  inch  of  cross-section.  Where  ten- 
sion on  rivets  is  unavoidable,  it  shall  not  exceed  one-half  the  limit 
allowed  for  direct  shear.     When  a  force  is  oblique,  the  components  of 
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direct  tension  and  of  direct  shear  sliall  be  considered  separately  and 
the  results  combined. 

33.  The  bending  strain  in  the  outer  fiber  and  the  bearing  pressure 
(diameter  x  thickness)  on  pins,  rivets  and  bolts,  shall  not  exceed  for 
dead  strain  27  000  lbs.  -per  square  inch. 

34.  In  cases  of  field  rivets,  driven  by  hand,  an  excess  of  25%  shall 
be  allowed. 

35.  Wind  pressure  and  sliding  friction,  either  separately  or  com-  Lateral 
bined,  shall  not  produce  greater  strain  per  square  inch  than  that  al- 
lowed for  dead  strain.     Centrifugal  force  shall  be  considered  as  live 
strain. 

36.  The  pressure,  in  pounds  per  lineal  inch  of  roller,  shall  not  ex-  Rollers, 
ceed  1  200  \/  d   for  dead  load  {d  =  diameter,  in  inches). 

37.  Bed   plates   on   masonry  shall   be   so   proportioned    that    the  Bed  plates, 
greatest  pressure  on  the  masonry  does  not  exceed  300  lbs.  per  square 

inch. 

Details  of  Design. 

38.  The  assumed  spans  for  calculation  shall  be  as  follows:  Span  for 

.  T  1  n  calculation. 

For  pm-connected  trusses — distance  between  centers  of  end  pms. 

' '    riveted  girders  "  "  "  bearing. 

"    cross-girders  "  "  "  trusses. 

"    track  stringers  "  "  "       of  cross-girders. 

"    cross-ties  "  "  "       of  track  stringers, 

39.  The  assumed  depth  for  calculation  shall  be:  Depth  for 
For  jjin-connected  trusses — distance  between   centers  of  chord  pins,  calculation. 

"     riveted  lattice  girders  "  "  "         "    gravity      of 

flanges  (not  to  exceed  the  distance  out  to  out  of  angles). 
"     plate  girders — distance  oiit  to  out  of  angles. 

40.  The  whole  of  the  wind  force  due  to  the  train  and  floor,  and  one-  Lateral 
half  of  the  truss,  shall  be  considered  as  acting  on  the  lateral  system  of  *^''a<^i°g- 
the  loaded  chord,  and  that  due  to  one-half  the  truss  only,  on  the  lateral 
system  of  the  unloaded  chord. 

41.  In  the  case  of  deck  bridges  and  very  heavy  curves,  some  of  the 
centrifugal  force  may  be  transferred  to  the  lower  lateral  system,  in 
which  case  the  truss  shall  be  duly  strengthened.  The  end  portal  brac- 
ing in  through  bridges  must  be  of  sufficient  strength  to  transfer  the 
accumulated  wind  strains  from  the  upper  lateral  system  to  the  end 
posts,  and  the  end  sway-bracing  in  deck  bridges  shall  carry  the  whole 
of  the  accumulated  wind  and  centrifugal  forces  from  the  loaded  chord 
to  the  abutment. 

42.  Each  main  jianel  of  deck  bridges  shall  be  provided  with  inter- 
mediate sway-bracing  of  a  sufficient  section  to  carry  one-half  the  maxi- 
mum increment  due  to  wind  on  train,  and  to  centrifugal  force.  Through 
bridges  shall  be  provided  with  post  brackets  at  the  intermediate  panel 
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points,  of  sufficient  strength  to  maintain  the  panel  in  a  vertical  position 
under  the  specified  wind  pressure,  or,  when  the  height  of  top  chord 
exceeds  25  ft.  above  base  of  rail,  an  overhead  system  of  sway -bracing 
shall  be  used. 

43.  Lateral  and  sway-bracmg  shall  be  designed  to  receive  an  initial 
tensile  strain  in  the  diagonals  of  10  000  His.  or  shall  be  capable  of  sus- 
taining a  compressive  strain  of  one-half  that  amount. 

44.  Tension  at  the  windward  column  of  trestle  piers  shall  be  avoided 
if  possible,  and  in  any  case  approved  anchor  bolts  well  secured  to  the 
masonry  shall  be  used. 

45.  The  struts  shall  be  proportioned  to  withstand  their  component 
of  strain.  No  reduction  shall  be  made  from  chord  section  on  account 
of  the  material  in  the  lateral  system. 

Design  of  46.  All  parts  shall  be  so  designed  that  the  strains  coming  upon  them 
may  be  definitely  calculated.  The  center  line  of  resistance  of  a  member 
will  be  along'its  neutral  axis,  and  connections  shall  be  so  designed  as 
to  avoid  bending,  twisting  or  unequal  tearing  of  the  member  or  its  de- 
tails. The  line  of  strain  shall  pass  centrally  through  any  cluster  of 
rivets  which  resist  it,  and  where  angles  or  plates  are  otherwise  than  so 
connected,  proper  provision  shall  be  made  for  the  moments  and  second- 
ary strains  jiroduced.  Details  shall  be  so  designed  as  to  give  free  ac- 
cess for  inspection  and  i^ainting,  and  water  j)ockets  shall  be  avoided. 
In  every  case  the  connection  of  details  shall  be  of  greater  strength 
than  the  member  itself. 

47.  All  members  which  are  subject  to  dii'ect  strains,  in  addition  to 
bending  moments,  shall  be  so  proportioned  that  the  algebraic  sum  of 
the  strains  coming  upon  them  shall  not  exceed  the  specified  allowable 
strain,  properly  reduced  in  case  of  columns.  In  continuous  ujiper 
chords  of  deck  bridges,  cai'rying  the  floor,  the  strain  due  to  the  live 
load  shall  be  comjiuted  from  a  bending  moment  equal  to  f  of  the  maxi- 
mum moment  produced  by  the  engine  on  a  sjian  equal  to  a  panel  length 
considered  as  a  simple  beam. 

48.  The  strain  on  the  outer  fiber  of  solid  shapes  shall  be  computed 
from  the  moment  of  inertia  of  the  section. 

Plate  49.  No  allowance  shall  be  made  for  the  web  in  calculating  the  flange 
gir  ers.  ggg^j^^  ^f  plate  girders.  Girders  formed  of  web  ijlates  and  angles  alone, 
having  no  upper  flange  plate  proper,  will  be  allowed  only  when  ties 
rest  upon  the  upper  flange.  At  least  one  ujaper  flange  plate,  when  iised, 
shall  extend  from  end  to  end  of  the  girder,  and  any  additional  plates 
used  to  make  up  the  flange  section  shall  be  made  of  such  lengths  as  to 
allow  at  least  two  rows  of  rivets  of  the  regular  pitch  being  placed  at 
each  end  of  the  plate  beyond  the  theoretical  point  required,  and  there 
shall  be  a  sufficient  number  of  rivets  at  the  ends  of  the  plates  to  trans- 
mit their  value  before  the  theoretical  i^oint  of  the  next  outside  plate  is 
reached.     Where  the  flange  platesvary  in  thickness,  they  shall  decrease 


SEAMAN    ON"    BRIDGE    SPECIFICATIONS.  263 

outward  from  the  flange  angles.  All  plate  girders  shall  have  end  and 
corner  cover  plates.  The  total  thickness  of  plates  and  angles  shall  not 
exceed  five  times  the  diameter  of  the  rivet  used. 

50.  All  flange  i^lates,  subject  to  either  tension  or  compression, 
sjiliced  in  the  length  of  the  girder,  shall  be  covered  with  an  extra 
amount  of  material  equal  in  section  to  the  material  spliced,  with  sufii- 
cient  rivets  on  either  side  to  transmit  the  strains  from  the  parts  cut. 
Flange  angles  shall  be  spliced  with  angle  covers. 

51.  In  calculating  the  shearing  or  bearing  strain  in  web  rivets  of 
plate  girders,  the  whole  of  the  shear  acting  on  the  side  of  the  panel 
next  to  the  abutment  shall  be  considered  as  being  transferred  into  the 
flange  angles  at  a  distance  equal  to  the  depth  of  the  girders. 

52.  The  webs  of  plate  girders  shall  be  sf)liced,  wherever  cut,  by  a 
plate  on  each  side  of  the  web  capable  of  transmitting  the  full  shearing- 
strain  through  splice  rivets. 

53.  When  the  thickness  of  the  web  j^late  is  less  than  xo  oi  the  unsup- 
ported distance  between  flange  angles,  stifteners  shall  be  riveted  on 
both  sides  of  the  web,  with  a  close  bearing  against  the  upper  and 
lower  flanges  and  calculated  as  columns  by  the  compression  flange 
formula  for  the  whole  shear  at  the  several  jjoints  where  they  are 
placed.  The  distance,  center  to  center,  of  stifi"eners,  shall  generally 
not  exceed  the  depth  of  the  full  Aveb  plate,  but  shall  not  be  less  than  4 
ft.  Web  plates  generally  shall  have  stiff'eners  at  all  splices,  at  points 
of  concentrated  loading,  and  at  each  end  of  bearing  plates. 

54.  Net  sections  shall  be  used  in  all  cases  in  calculating  tension      Net 
members,  and  in  deducting  rivet  holes  they  shall  be  taken  as  ^  in.  s^'^*^io°s. 
wider  than  nominal  diameter  of  rivet.     In  calculating  the  net  sections, 
having   rivets    staggered,  all   rows   shall  be  deducted,  unless    so  ar- 
ranged that  the  net  section  along  a  zigzag  line,  taking  all  distances  in 

the  diagonal  direction  at  only  three-fourths  their  value,  exceeds  the 
corresponding  net  section  directly  across  the  plate. 

55.  Rivets  shall  not  be  spaced  closer  than  three  diameters,  center    Rivet 
to  center,  nor  further  apart,  in  the  direction  of  the  strain,  than  six-  spacing, 
teen  times  the  thickness  of  the  thinnest  external  plate  connected,  and 

not  more  than  thirty  times  that  thickness  at  right  angles  to  the  line 
of  strain. 

56.  Rivets  shall  not  be  spaced  closer  to  the  side  of  the  plates  than 
1^  diameters  to  the  center  of  the  rivet,  nor  further  from  the  side  than 
eight  times  the  thickness  of  plate.  In  no  case  shall  the  pitch  of  rivets 
exceed  6  ins. 

57.  Field  rivets  shall  be  reduced  to  a  minimum. 

58.  Built  chords  shall  be  thoroughly  sjaliced  with  rivets  and  ad-  chord 
•ditional  section  sufficient  to  transmit  the  entire  strain;  no  allowance  ^Pli^es. 
shall  be  made  for  abutting  surfaces,  except  in  work  exceeding  ^  in.  in 
thickness. 


264  SEAMAN   ON   BRIDGE   SPECIFICATIONS. 

Pin  plates.  59.  When  necessary  to  obtain  sufficient  bearing  surface  at  pin- 
holes, re-enforcing  plates  shall  be  added.  These  plates  shall  distribute 
the  bearing  strains  from  the  pins  to  the  member  to  which  they  are 
connected. 
Compression  60.  All  segments  of  members  in  compression,  connected  by  lattic- 
andiatticing.  ing  only,  shall  have  batten  plates  at  each  end,  the  thickness  of  which 
shall  not  be  less  than  /o  of  the  distance  between  rivets  connecting 
them  to  the  compressed  member.  In  no  case  shall  the  length  of  the 
batten  plate  be  less  than  1^  times  the  width  of  the  member. 

61.  The  distance  between  connections  of  latticing  shall  be  such 
that  the  individual  members  composing  the  column,  considered  with 
hinged  ends  and  a  length  equal  to  the  distance  between  these  connec- 
tions, shall  be  stronger  than  the  column  as  a  whole,  and  in  no  case 
shall  this  distance  exceed  eight  times  the  least  width  of  these  members. 
Where  the  ends  of  the  compression  member  are  forked  to  connect  the 
pins,  the  strength  of  each  leg  shall  be  at  least  equal  to  the  entire 
strength  of  the  column,  and  the  re-enforcing  plates  shall  extend  not 
less  than  6  ins.  beyond  the  edge  of  the  batten  plates. 

62.  Single  lattice  bars  shall  have  a  thickness  of  not  less  than  ^n,"? 
and  double  lattice  bars  not  less  than  -517  of  the  distance  between  the 
rivets  connecting  them  to  the  comjDressed  member,  and  their  widths 
shall  be: 

For— 

33  ins.  and  over,  web,  4-in.  angles  (2|-in.  rivets),  3  x  2  x  f-in.  angles. 

29  ins.  to  32  ins.,     "  "  "  2hx2-^^-m. 

20  ins.  to  28  ins.,     "  "  "  4-in.  stra^js. 

15  ins.  to  19  ins.,     "  "  (1^-in.  rivets),  4-in.        " 

12-in.  channels,  or  3-in.  angles,  "  2|-in.     " 

9-in.         '•  "  2Hn.       "  (If -in.  rivets),  2i-in.     " 

8-in.         "  "   2-in.       "  "  2-in. 

63.  Single  lattice  bars  shall  generally  be  inclined  at  an  angle  of  60° 
to  the  axis  of  the  member,  and  double  lattice  bars  at  an  angle  of  45°,. 
with  a  rivet  at  their  intersection. 

Expansion        64.  All  bridges  over  80  ft.  long  shall  be  provided  at  one  end  with 
rollers.     t•^J.ned  friction  rollers,  not  less  than  3  ins.  in  diameter,  between  two 

planed  surfaces.     For  spans  of  80  ft.  or  less,  planed  surfaces  shall  be 

used  without  rollers.     The  nest  of  rollers  shall  be  easily  cleaned  from 

the  accumulation  of  dust  and  cinders. 
Bearings         65.  Trusses  shall  be  secured  against  side  motion  on  bearing  plates 
anc  ored.  ^^^  rollers.     The  bolster  blocks  shall  be  joined  to  the  truss,  and  the 

bearing  i^lates  shall  be  seciired  to  the  underlying  suj^ports  by  bolts  or 

dowels. 
Eye-har         66.  Eye-bars  shall  be  so  packed  as  to  produce  the  least  bending 
packing,  jjioment  on  the  pin,  and  shall  not  be  packed  out  of  line  with  the  axis 

of  the  member  more  than  ^  in  to  1  ft. 
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67.  No  iron  less  than  f  in.   thick  shall  be  used,  except  for  packing  Minimum 
or  other  idle  material.     No  counter  rod  shall  have  less  than  l-i  sq.  ins. 

of  sectional  area. 

68.  The  camber  shall  be  sticli  that  under  maximum  load  the  bridge  Camber, 
will  not  deflect  below  a  horizontal  jDOsition. 

Quality  of  Matekial. 

69.  Rolled  /Sifee/.— Eolled   steel  shall  be  made  by  the  open-hearth  Chemical 
process,  and  shall  contain  not  more  than  0.04%'  phosphorus,  O.Od^"  and  flnish. 
sulphur,  nor  0A5%  manganese.     The  steel  shall  be  finished  straight 

and  smooth,  and  shall  be  a  perfect  product ;  the  slightest  flaw  will 
be  sufficient  cause  for  rejection  at  any  time  during  the  progress  of 
the  work. 

70.  The  tensile  strength,  yield  point,  and  ductility  of  the  material   standard 
shall  be  determined  from  a  standard  test  piece  of  not  more  than  2  ins.  *®^*^  piQce. 
in  width,   nor  less  than  \-  sq.   in.  in  sectional  area,  cut  from  a  full- 
sized  bar,  and  with   sides  turned   or  i>laned  parallel,  so  as  to  give  a 
uniform  minimum  section  for  a  length  of  at  least  12  ins. 

71.  Whenever  practicable,  the  two  sides  of  the  test  j^iece  shall  be 
left  as  they  come  from  the  rolls,  but  the  finish  on  opposite  sides  shall 
be  alike  in  this  resj^ect. 

72.  In  determining  the  ductility,  the  elongation  shall  be  measured 
after  breaking,  on  an  original  length  of  8  ins.,  in  which  length  shall 
occur  the  curve  of  reduction  each  side  of  the  point  of  fracture. 

73.  The  yield  point  shall  be  that  strain  beyond  which  the  elonga-  Yield  point, 
tion  ceases  to  be  proportional  to  the  weight  imposed,  and  may  be  in- 
dicated by  "  droi3  of  beam."     It  shall  in  no  case  be  less  than  55%"  of 

the  maximu.m  strain  sustained  by  the  test  piece.  The  speed  of  testing 
shall  be  governed  by  the  inspector. 

74.  All  rolled  steel,  except  rivet  steel,  shall  show  by  the  standard  Maximum 
test  piece  a  maximum  strength  per  square  inch  of  56  000  lbs.  ±  4  000    ^  ^^ 
lbs.,  with  an  elongation  of  26%  in  8  ins.     Eivet  steel,  when  tested  in  elongation, 
specimens  of  full  size  of  rivet  rod,   shall   show  an   ultimate   strain 

per  square  inch  of  52  000  lbs.  ±  4  000  lbs. ,  with  an  elongation  of  dO% 
in  8  ins. 

75.  Each  melt  of  finished  material  shall  receive  two  tension  tests — 
one  cut  from  each  extreme  variation  in  thickness  of  metal  rolled. 
When  both  tests  comply  with  the  specifications,  all  intermediate 
thicknesses  will  be  accepted;  otherwise  only  such  thicknesses  of  metal 
will  be  accepted  as  show  satisfactory  tests. 

76.  Each   finished   i^iece  of   steel   shall  be   marked  with  the  melt  Material 
number.  "^^'■^^'*- 

77.  Wrought  Iron. — All  wrought  iron  shall  be  tough,  ductile,  fil>rous  Finish. 
and  uniform  in  quality.     It  shall  be  thoroughly  welded  in  rolling, 

and  finished  straight  and  smooth.     It  shall  be  free  from  flaws,  blisters, 
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cinder-spots,  cracks  and  imperfect  edges.     Scrap  steel  shall  not  be 

used  in  its  manufacture. 

78.  The    methods   specified    for  testing   rolled   steel   shall   apjDly 

generally  to  wrought  iron. 

Maximum  79.  All  iron  shall  show  by  the  standard  test  piece  a  maximum 

str©iisrtli  "^ 

and         strength  of  not  less  than  50  000  lbs.  per  square  inch  and  an  elonga- 
elongation.  ^^^^  ^^  gO  per  cent. 

Yield  point.        80.  The  yield  point,  as  shown  by  the  standard  test  piece,  shall  in 

no  case  be  less  than  26  000  lbs.  jjer  square  inch. 

Bending        81.  All  iron  when  cut  into  testing  strips  Ih  ins.  in  width  and  with 
tests  o  1         - 

corners  rounded  to  j  in.  radius,  must  be  capable  of  resisting,  without 

signs  of  fracture,  bending  cold  90°  with  the  inner  radius  not  to  exceed 

three  times  the  thickness  of  the  test  piece. 

82.  All  iron  which  is  to  be  bent  in  manufacture  shall,  in  addition 
to  the  above  requirements,  be  callable  of  bending  sharply  to  a  right 
angle  at  a  working  heat  without  any  signs  of  fracture. 

83.  Cast  Steel. — Steel  castings  shall  be  true  to  jjattern  and  free 
from  injurious  blow  holes  or  other  imiierfections.  Coupon  speci- 
mens, turned  to  f  in.  diameter,  shall  show  an  ultimate  strength  per 
square  inch  of  65  000  lbs.,  a  yield  point  of  35  000  lbs.,  and  an  elonga- 
tion of  15J^  in  2  ins. 

84.  Cast  Iron. — All  cast  iron  shall  be  tough  and  sound,  free  from 
blow-holes,  cold-shuts  or  other  injurious  imperfections.  When  broken, 
the  fracture  shall  indicate  a  good  quality  of  gray  iron. 

85.  Sample  test  specimens,  27  ins.  long,  2  ins.  x  1  in.  in  cross- 
section,  cast  under  the  same  circumstances  as  those  which  attend  the 
casting  of  the  fiill-sized  piece,  shall  sustain  at  the  center,  when  rest- 
ing  flatwise  upon  two  dull  knife  edges,  spaced  24  ins.  apart,  a  load  of 
2  000  lbs. ;  the  load  to  be  sustained  two  minutes,  and  show  a  deflection 
of  not  less  than  }  in.  before  fracture. 

Workmanship. 

Finish.  86.  All  workmanship  shall  be  first  class.  All  parts  exjiosed  to 
view  shall  be  neatly  finished.  All  nuts  shall  be  hexagonal. 
Punching.  87.  In  punching,  the  diameter  of  the  punch  shall  not  exceed  by 
more  than  ^e  in.  the  diameter  of  the  rivet  to  be  used,  and  the  diameter 
of  the  die  shall  be  as  small  as  may  be  required  to  jsunch  a  clean 
hole. 

88.  The  holes  shall  be  so  carefully  sjiaced  and  punched  that,  upon 
assembling,  no  variation  from  a  truly  oi^posite  position  of  more  than 
iV  in.  will  occur.  All  holes  shall  be  reamed  to  an  exact  match  before 
the  rivet  is  driven. 

Rivets.        89.  Eivets  when  driven,  shall  completely  fill  the  holes  and  shall 
be   machine  driven  whenever  possible.     They  shall  have   full,  con- 
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centric,  hemispherical  heads  of  a  depth  at  circumference  of  shank  of 
not  less  than  one-half  the  diameter  of  rivet,  and  with  full  bearing  on 
the  plates;  or  they  shall  be  countersunk  when  so  requix'ed.  Rivet 
heads  shall  not  be  flattened  to  less  than  half  the  diameter  of  the  rivet 
unless  countersunk. 

90.  Generally,  the  use  of  bolts  instead  of  rivets  will  not  be  per-  Turned 
mitted,    but  when  used  in  special  cases   the   holes  shall  be  reamed     °  ®' 
l^arallel,  and  the  bolts  turned  to  a  driving  fit. 

91.  All  holes  for  field  rivets,  excepting   those   in    connections  of  Template 
lateral  and  sway  bracing,  shall  be  accurately  drilled  to  an  iron  temj^late; 

or  reamed  while  the  connecting  parts  are  temporarily  assembled  in 
the  shop.  In  the  case  of  splices  of  ujaper  chords,  or  other  com- 
pression members,  they  shall  be  brought  to  forcible  contact  by  the 
use  of  turnbuckles,  and  after  reaming  shall  have  match  marks  put  on 
the  i^ieces  so  that  they  may  be  brought  to  proper  position  in  the  field, 
before  riveting. 

92.  Finished  members  shall  be    true  and  free  from  kinks,  twists  Members 
and  open  joints.     Ends  of  floorbeams   shall   be  finished  square  and 

true. 

93.  Where  rivets  may  take  tension,  the  rivet  holes  shall  have  edges  Tensile 
rounded  to  ^  in.  radius.  nvets. 

94.  Rods  and  bars  which  are  to  receive  a  thread  shall  be  proii-   Screw 
erlyupset.     Where  threads  are  cut  on  steel,  they  shall  be  properly  ^^'■®^*^®- 
filleted. 

95.  All  members  requiring  adjustment  shall  be  provided  with  sleeve  Adjustable 
nuts  and  check  nuts.  Open  turnbuckles  will  not  be  allowed.  The  "i®'"^'''"^- 
ends  connected  shall  be  distinctly  punch-marked,  at  a  distance  of  12 

ins.  from  the  screw  ends,  so  that  these  ends  may  be  accurately  located 
inside  the  nut. 

96.  Heads  of  eye-bars  shall  be  of  sufficient  section  to  break  the  bar  Eye  bar 
in  every  case.  Bars  shall  be  full  size  at  the  neck;  no  patching  will  be  '^®^*^^- 
allowed. 

97.  Welds  in  the  body  of  the  bars  or  rods  will  not  be  allowed. 

98.  Pins  shall  be  turned,  perfectly  finished,  and  straight. 

99.  All  members  having  bearing  on  pins  shall  be  carefully  bored  at  Boring, 
right  angles  to  the  axis,  unless  otherwise  shown  in  the  drawings.     No 
variation  will  be  allowed  between  diameter  of  pin  and  pin  hole  of  more 

than  aV  in-  For  pin  holes,  in  pieces  which  are  not  adjustable  for 
lengths,  no  variation  of  more  than  if^  in.  in  length  between  centers  of 
pin  holes  will  be  allowed. 

100.  Eye-bars  shall  be  perfectly  straight  before  boring;  the  holes 
shall  be  in  the  center  of  the  heads  and  on  the  center  line  of  the  bar. 
Bars  which  belong  to  the  same  member  shall  be  bored  at  the  same  tem- 
perature and  in  one  operation.  They  shall  be  marked  for  erection,  so 
that  they  may  be  used  in  the  same  member. 
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Abutting        101.  All  abutting  surfaces,  except  flanges  of  plate  girders,  shall  be 

■  neatly  planed  or  turned  perpendicular  to  the  direction  of  the  strain, 

so  as  to  insure  even  bearings. 

stiffeners.        102.  Stiflfeners  of  plate  girders  shall  be  milled  to  fit  tightly  against 

the  flange  angles,  and  shall  be  packed  straight.     The  packing  shall  fit 

close  to  the  flange  angles,  leaving  no  open  space. 

Rollers         103.  Rollers  shall  be  turned  and  roller  beds  and  bed  plates  planed; 

turnec.  ^^^  bottom  of  shoes  shall  be  planed  exactly  parallel  to  the  center  line 

of  pin,  unless  otherwise  shown  in  the  drawings. 

Thickening        104.  Thickening  washers  shall  be  used  whenever  required  to  pack 
washers.     ^-^^  ^-^  ^^^^^^  ^.^.j^^ 

Pilot  nuts.        105.  Pilot  nuts  shall  be  furnished  for  each  size  of  pin  to  preserve 
the  thread  of  the  pin,  and  to  facilitate  erection. 

Painting. 

106.  All  iron  shall  be  scraped  free  from  scale,  and  receive  one  coat 
of  pure  kettle-boiled  linseed  oil  before  leaving  the  shoi^s,  and  one  coat 
of  api)roved  paint  after  erection.  All  surfaces  which  come  in  contact, 
or  are  enclosed,  shall  receive  one  coat  of  ai^jjroved  paint  before  being 
assembled. 

107.  All  turned  or  faced  surfaces  shall  receive  a  coat  of  white  lead 
and  tallow  before  leaving  the  sho^ss. 

Inspection. 

108.  Free  access  and  information  shall  be  given  by  the  contractor 
for  a  thorough  inspection  of  material  and  workmanship. 

109.  The  inspector  will  make  detailed  rejjorts  of  his  iusjiectin  to  the 
engineer  and  may  notify  the  contractor  of  any  defects  in  material  and 
workmanship,  but  all  acceptances  made  by  him  shall  be  considered  as 
temporary,  and  his  inspection  shall  in  no  way  relieve  the  contractor  of 
full  resj^onsibility  for  the  character  and  accuracy  of  the  work  until  its 
completion  and  final  acceptance  by  the  engineer. 

110.  The  contractor  shall  furnish  without  extra  charge  such  stand- 
ard test  pieces  as  may  be  necessary  to  determine  the  uniform  quality  of 
the  material,  and  also  the  use  of  a  reliable  testing  machine  with  neces- 
sary labor  for  testing. 

111.  Full-sized  members  may  be  tested  to  destruction  by  the  engi- 
neer. They  will  be  paid  for  at  cost,  less  their  scrap  value,  if  they  fulfill 
the  requirements,  but  when  the  requirements  are  not  complied  with, 
the  tests  shall  be  at  the  exjiense  of  the  contractor.  Such  rejections  of 
the  finished  material  as  he  may  consider  warranted  by  the  results  of 
these  tests  will  be  made  by  the  engineer. 
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THE  COAL  HOISTS  OF  THE  CALUMET  AND  HECLA 
MINING  COMPANY. 


By  Julius  Kahn,  Jun.  Am.  Soc.  C.  E. 
Presented  Januaey  4th,  1899. 


WITH  DISCUSSION. 

The  fact  that  large  quantities  of  coal  are  consumed  daily  by 
manufacturing,  mining,  and  commercial  industries  has  necessitated 
the  introduction  of  machinery  especially  adapted  for  handling  this 
material.  The  loading  of  coal  from  cars  into  freight  vessels,  or 
from  vessels  into  cars,  has  brought  about  the  use  of  certain  classes 
of  this  machinery— the  unloading  into  coal  storage  sheds,  and  again 
the  delivery  from  the  sheds  directly  to  the  boiler  stokers,  has 
created  the  need  of  others.  Hoisting  and  conveying  machines  to  do 
this  work  are  so  varied  in  their  construction  to  suit  different  condi- 
tions, that  machinery  of  this  class  can  in  itself  form  a  distinct  branch 
of  engineering. 

The  author  has  been  unable  to  find  in  the  Ty-anmdions  any  paper 
which  has  dwelt  on  this  subject,  and  it  has  seemed  to  him  that  the  de- 
scription of  one  very  large  plant  might  possibly  be  of  interest,  and 
some  of  its  engineering  features  worthy  of  special  attention.  The 
plant  described  was  erected  for  the  Calumet  and  Hecla  Mining  Com- 
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pany,  during  the  montlis  of  June  and  July,  1898,  at  Lake  Linden, 
Mich. 

The  Calumet  and  Hecla  Mines  are  located  on  a  peninsula,  known 
as  Kewenaw  Point,  and  extending  into  Lake  Superior.  The  smelting 
works  and  coal  docks  of  the  company  are  at  Lake  Linden,  a  small 
town  situated  on  an  inlet  of  Lake  Superior;  the  mines  are  at  Red 
Jacket  and  Calumet,  Mich.,  two  towns  about  6  miles  from  Lake 
Linden. 

All  coal  is  received  from  freight  vessels  at  the  docks  in  Lake  Linden, 
and  is  hoisted  there  and  conveyed  into  the  coal  storage  sheds.  It  is 
carried  from  Lake  Linden  to  the  mines  at  Calumet  by  rail;  the  cars, 
entering  passages  provided  for  them  in  the  sides  of  the  sheds,  are  filled 
by  special  loading  devices.  The  coal-carrying  vessels  from  Buffalo  to 
the  lajjper  jaen insula  have  an  average  capacity  of  from  1  200  to  1  400 
tons.  They  have  usually  five  hatches,  each  about  8  ft.  by  12  ft.,  and 
at  24  ft.  centers. 

The  coal  most  commonly  used  is  of  the  grades  known  as  "  Youghi- 
ogheny  "  and  "Pocahontas,"  of  Pennsylvania,  and  the  "Soldiers' 
Run,"  of  Virginia,  all  of  which  are  large-lump,  bituminous  coals. 
There  is  also  received  a  small  quantity  of  anthracite,  which  serves  for 
the  domestic  use  of  the  workmen. 

In  1894,  the  coal  received  by  the  company  amounted  to  225  420 
tons;  in  1895,  175  162  tons;  in  1896,  207  000  tons;  in  1897,  178  800  tons, 
and  in  1898,  285  000  tons. 

It  can,  of  course,  be  easily  appreciated,  that  even  the  slightest 
saving  jier  ton  for  unloading  this  enormous  quantity  of  coal  from  the 
boats,  and  conveying  it  to  the  coal  sheds  must  amount  to  a  large  sum 
yearly,  and,  at  a  low  rate  of  interest,  must  warrant  a  very  large  invest- 
ment. Coal  hoisting  with  a  steam- shovel  plant  of  this  character, 
which  takes  the  material  from  the  hold  of  the  vessel  and  delivers  it 
into  the  storage  sheds,  is  done  at  a  possible  cost  of  between  1  and  3 
cents  per  ton.  The  same  work  done  by  stevedores  would  i^robably 
cost  from  25  to  33  cents  per  ton. 

The  reasons  for  storing  this  immense  quantity  of  coal  are,  pri- 
marily, to  carry  the  works  through  a  winter's  demand,  lake  transpor- 
tation being  closed  during  this  season;  secondly,  the  company  has 
found  it  necessary  to  make  itself  absolutely  independent  of  possible 
accidents   in   the   coal    supply,    caused    by   mine   strikes    and    price 


KAHN"    ON    COAL-HANDLING    MACHINERY. 


271 


272  KAHN    ON"    COAL-HANDLING    MACHINERY. 

fluctuations,  and,  to  do  this,  has  erected  the  steel-framed  coal  shed 
shown  in  Fig.  1,  648  ft.  by  295  ft.,  to  be  used  for  storage  or  as  a  reser- 
voir to  be  drawn  upon  in  case  any  of  the  before- named  causes  make 
the  supply  less  than  the  demand.  The  hoisting  towers  and  automatic 
railways,  which  are  used  for  unloading  the  coal  from  the  vessels  and 
carrying  it  into  the  sheds,  are  the  subject  of  this  paper. 

Fig.  1,  Plate  II,  is  a  side  view  of  the  hoisting  towers  and  the  coal 
shed,  taken  during  erection  and  before  the  latter  was  enclosed.  Fig.  2, 
Plate  II,  is  a  front  view  of  the  towei's. 

Fig  1,  Plate  III,  shows  the  engine  floors  of  the  towers  before  they 
were  enclosed  with  their  housing,  all  the  towers  being  close  together. 
Fig.  2,  Plate  III,  shows  the  engine  floor  of  one  of  the  towers,  with  the 
engineer  at  his  oijerating  stand. 

Fig.  1,  Plate  IV,  shows  the  wheel-bases  of  the  towers.  Fig.  2, 
Plate  IV,  is  a  view  of  the  towers,  completed,  and  several  of  them 
engaged  in  hoisting  coal. 

Figs.  2  and  3  show  elevations  of  the  towers  and  plans  of  the  floors. 
A  section  and  general  framing  plan  of  the  building  are  shown  in 
Fig.   1. 

The  towers  have  been  reduced  to  great  simplicity  in  their  general 
design,  and  the  individual  members  have  been  so  placed  that  the 
theoretical  strains  are  transmitted  almost  directly  to  the  foundations. 
The  rear  posts  have  been  battered  to  enlarge  the  base  and  increase  the 
stability  of  the  structures.  It  was  impossible  to  increase  the  width  of 
the  towers  beyond  that  shown  in  the  front  elevation,  the  distance  be- 
tween centers  of  the  automatic  railways  being  given  as  24  ft.,  which  it 
was  not  allowable  to  exceed.  Each  tower  is  mounted  on  five  pairs  of 
heavy  wheels,  is  capable  of  being  moved  anywhere  along  the  wharf, 
so  that  hoisting  can  be  done  from  any  one  of  the  difi'erent  hatches 
in  a  vessel,  and  if  necessary  all  towers  can  be  at  work  at  one  vessel 
at  the  same  time.  As  the  building  in  the  rear  contains  27  automatic 
railway  tracks,  and  as  any  one  of  the  towers  is  apt  to  unload  on  any 
one  of  the  tracks,  the  extreme  distance  moved  along  the  wharf  is 
648  ft. 

The  side  elevation  (Figs.  2  and  3)  shows  two  floors,  the  ujaper  one 
being  used  as  the  engine  floor  and  the  lower  one  as  the  car  floor.  On  the 
upper  floor  is  the  receiving  hopper  and  the  hoisting  engine;  the  latter 
is  a  12  X  14-in.  engine,  with  double  drum  and  double  cylinder,  fitted 
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•with  a  steam  brake,  a  steam  reversing  cylinder,  an  emergency  brake, 
and  a  counterweight  spool.  Its  drums  are  so  constructed  that  the 
chains,  which  are  laminated,  wind  upon  themselves  in  a  vertical  plane; 
the  reasons  for  this  will  be  evident  from  the  description  of  the  boom, 
given  later.  The  car  floor  contains  the  scale  platform  and  the  auto- 
matic car,  the  latter  being  stationed  directly  under  a  trap  door  in  the 
hopper. 

The  plans  of  these  floors  show  them  to  be  heavily  trussed  in  a 
horizontal  plane  and  the  rear  elevation  shows  them  to  be  trussed  in  a 


FRONT  ELEVATION  OF  TOWER 


PLAN  OF  TOP  OF  TOWER 
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PLAN  OF  CAR  FLOOR 
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plan  of  engine  floor 
Fig.  3. 


REAR  ELEVATION  OF  TOWER 


vertical  plane.  The  truss  under  the  engine  floor  takes  up  the  load  of  the 
engine  and  the  varying  ujaward  and  downward  ijulls  of  the  shovel  chains. 
The  horizontal  truss  under  the  floor  receives  the  horizontal  comjjonent 
of  the  hoisting  chain  pull,  and  carries  it  into  the  tower  proper. 

The  boom  is  a  heavily  trussed  structure,  of  a  peculiar  shape,  the 
top  chord  being  the  arc  of  a  circle  of  64  ft.  radius  and  the  bottom 
chord  approximately  a  parabolic  segment.  It  is  made  up  of  two 
trusses,  connected  together  by  angles  and  plates  in  the  plane  of  the 
top  chord,  and  by  bracing  between  the  webs. 
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The  boom  truck,  containing  the  sheaves  for  the  shovel  chains, 
moves  between  the  trusses,  the  flanges  of  the  bottom  chord  acting  as 
guides  and  rails.  A  chock  block  is  used  for  arresting  its  downward 
travel.  This  is  operated  by  a  counterweight  of  its  own,  and  automat- 
ically adjusts  itself  to  difterent  positions  along  the  boom  from  which 
it  may  be  desired  to  do  hoisting. 

A  similar  chock  block  at  the  upper  end  of  the  boom  stops  the  truck 
directly  above  the  hopper,  and  holds  the  same  by  a  projecting  hook 
when  the  truck  is  not  in  use. 

At  the  farther  end,  the  boom  is  connected  to  the  cross-bar  by 
means  of  a  vertical  pin,  and  transmits  its  horizontal  stress  into  the 
same;  the  cross-bar  is  again  connected  by  vertical  pins  with  the  hori- 
zontal braces.  At  its  upper  end,  the  boom  is  suspended  from  the  top 
hii3  truss  which  is  carried  on  cantilevered  beams  from  the  tower.  This 
connection  is  also  made  with  a  large  vertical  pin.  The  details  of  the 
boom  are  shown  in  Fig.  4. 

When  hoisting  is  being  done,  the  boom  stands  out  at  right 
angles  to  the  front  of  the  tower,  and  is  held  in  this  position  by 
two  guy  lines  attached  to  its  sides.  When  not  in  use,  it  is  swung 
around  horizontally,  aj)j)roaching  as  nearly  as  possible  to  the  face 
of  the  tower,  thus  allowing  boats  with  high  masts  to  move  along  the 
wharf. 

The  bottom  chord  of  the  boom  was  so  designed  that  the  resultants 
of  the  forces,  when  hoisting  is  being  done  at  any  point,  are  always 
normal  to  the  track  or  bottom  chord,  a  certain  factor  of  safety  or  extra 
declivity  being  allowed  for;  this  factor  will  be  explained  somewhat 
under  the  heading  "Construction  of  the  Boom."  The  resultant 
stress  on  the  truck,  being  always  in  such  a  direction  as  to  press  it 
normally  against  the  tracks,  it  has  no  tendency  to  run  up  the  boom 
while  the  shovel  is  suspended  from  it.  When  the  shovel  reaches  the 
truck,  it  bears  on  a  suspended  arm  of  the  latter,  and  the  chain  now 
pulls  both  truck  and  shovel  toward  the  tower  and  over  the  hopper, 
where  the  shovel  is  allowed  to  dump  itself. 

With  this  scheme  of  hoisting,  where  the  shovel  chains  merely  pass 
over  the  sheaves  in  the  truck,  it  is  of  course  easily  seen  that  if  the 
curve  is  not  theoretically  correct,  and  possesses  a  certain  factor  of 
safety,  there  is  a  tendency  to  slide  the  same  either  up  or  down  the 
boom  as  soon  as  a  pull  comes  on  the  chain. 
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Operation  of  the  Hoist. 
The  engineer  is  stationed  at  bis  operating  stand  at  the  front  of  the 
tower,  as  sLown  in  Fig.  2,  wliere  be  can  at  all  times  watcb  the  sbovel. 
He  controls  tbe  throttle  valve  Avitb  a  foot  lever;  the  reversing  gear  is 
operated  by  a  steam  valve  on  bis  right,  and  tbe  brake  band  by  a  steam 
valve  on  his  left.  There  is  also  an  emergency  hand  brake  on  his  right. 
Two  chains  are  used  for  operating  the  shovel,  the  hoisting  and  hold- 
ing chains,  both  of  them  being  of  a  laminated  type,  and  made  up  of 
ten  links. 

Beginning  with  the  empty  shovel  supported  over  the  coal  in  the 
boat,  the  engineer  sets  his  steam  brake  and  supports  the  shovel  on  the 
holding  chain.  He  then  moves  his  reversing  lever  and  allows  the 
hoisting  chain  to  become  slack,  the  shovel  opening  by  its  own  weight. 
As  soon  as  the  shovel  has  entirely  opened,  the  engineer  frees  the  brake 
band,  and,  with  the  engine  reversed,  allows  the  shovel  to  fall  into  the 
coal  pile  from  a  small  height.  The  shovel  by  its  own  weight  buries 
itself  in  the  coal.  The  engineer,  having  the  brake  band  set  so  that  the 
holding  chain  drum  is  fixed,  allows  his  engine  to  run  forward  and  raise 
the  hoisting  chain.  The  scoops  are  thus  forced  together  without  ex- 
erting any  tendency  to  lift  the  shovel  out  of  the  coal.  As  soon  as  the 
shovel  is  closed,  the  engineer  frees  the  brake  band  of  the  holding 
chain  drum  and  raises  the  shovel  by  both  the  holding  and 
hoisting  chains,  slowing  up  a  little  as  it  approaches  the  boom, 
and  from  this  point  the  shovel  moves  with  the  truck  to  the  hopper. 
The  engine  is  then  stopped,  and  the  shovel  is  suspended  with  the 
holding  chain.  The  engine  is  reversed,  which  allows  the  hoist- 
ing chain  to  become  slack,  and  causes  the  shovel  to  open  and 
unload  itself  into  the  hopper.  The  shovel  is  again  closed  by  winding 
up  the  hoisting  chain;  the  brake  band  is  released;  the  engine  again 
reversed,  and  the  shovel  is  allowed  to  descend  the  boom,  and  into 
the  vessel. 

It  requires  about  50  seconds  to  make  one  trip,  and  2  tons  are 
hoisted  each  time. 

A  man  standing  on  the  car  floor  below  operates  the  trap  door  in 
the  back  of  the  hopper,  and  allows  the  coal  to  flow  into  the  automatic 
car,  which  is  stationed  on  the  scale  platform.  He  weighs  the  coal, 
and  gives  the  car  a  slight  push  to  start  it  down  the  incline  of  the 
automatic  railway.  It  rushes  along  until  at  a  certain  point  in  its  journey 
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it  strikes  the  cross-bar,  a  strong  oak  frame  laid  across  the  track  and 
connected  by  wire  ropes  with  a  ti'iangular  weight.  The  car  picks  up 
the  cross-bar  and  drags  it  along,  thereby  raising  the  weight.  Grad- 
ually, as  the  weight  is  raised,  the  energy  of  motion  contained  in  the 
loaded  car  is  transformed  into  the  potential  energy  of  the  raised 
triangle.  The  cross-bar  is  located  at  such  a  distance  before  the  point 
of  dumping,  that  this  energy  of  the  loaded  car  has  been  entii-ely 
expended  in  carrying  it  to  the  dumping  point.  The  car,  there- 
fore, when  it  arrives  there  is  at  a  momentary  standstill;  its  sides 
during  the  last  few  feet  of  motion  have  engaged  the  trip  block 
and  are  caused  to  fly  open.  The  coal  is  thus  allowed  to  fall  verti- 
cally into  the  shed,  without  any  other  component  of  force  than  that 
due  to  its  height  of  fall,  and  this  insures  the  least  possible  breakage 
of  coal. 

The  car  being  empty,  the  raised  triangle,  possessing  the  energy  of 
the  loaded  car,  now  descends,  and  forces  back  the  cross-bar,  thus 
giving  the  car  an  impiilse  sufficient  to  carry  it  back  to  the  platform  inj 
the  tower.  All  this  work  is  done  in  a  very  short  time,  the  car  run- 
ning down  the  grade  with  a  constantly  accelerated  velocity,  and  re-i 
turning  with  a  constantly  retarded  velocity  due  to  gravity. 

Automatic  railways  of  this  character  have  been  in  operation  foi 
many  years,  especially  where  coal  conveying  is  done  to  any  extent.-] 
The  entire  arrangement  works  speedily,  costs  absolutely  nothing  foi 
oj^erating  expense,  is  easily  constructed,  and  has  no  delicate  jjarts  tol 
be  easily  put  out  of  order.     A  sjiecial  and  interesting  feature  of  its  1 
mechanism  is  the  device  used  to  gradually  retard  the  rapid  descent 
of  the   car,  changing   its   forward   motion  into   a   backward   motion 
and  giving  just  enough  momentum  to   carry  the  car  to  the  starting 
j)oint. 

The  working  of  the  triangle  offers  a  very  interesting  mathematical 
study,  in  so  far  that  its  action  is  not  the  same  as  that  of  a  falling 
weight  ;  that  its  effective  i^ull  is  of  a  varying  nature,  greatest  and 
least  at  those  points  where  it  is  most  desirable  to  have  it  so,  and  that 
it  receives  and  imjjarts  great  velocity  with  scarcely  any  shock  or 
vibration. 

The  triangular  weight  is  shown  in  Fig.  5,  suspended  from  a  double- 
grooved  sheave  which  travels  back  and  forth  on  a  6  x  12-in.  timber 
track.     The  rope  leads  from  the  cross-bar,  in  one  direction  over  a 
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sheave  at  tlie  end  of  the  track,  returns  below  the  track  to  the  triangle 
sheave,  leads  half-way  over  this,  and  is  fastened  to  the  end  of  the 
track  timber  pointing  toward  the  rear  of  the  shed.  Leading  in  the 
other  direction  from  the  cross-bar,  it  passes  around  the  other  end 
sheave,  returns  below  to  the  triangle  sheave,  takes  a  half  turn  about 
this  and  is  fastened  to  the  other  end  of  the  timber.  It  will  be  noticed, 
that  at  the  instant  when  the  car  strikes  the  cross-bar,  at  which  time 
its  momentum  is  greatest,  the  triangle  sheave  is  directly  above  one 
end  of  the  triangle,  and  the  force  required  to  move  it  a  very  short  dis- 
tance, is  theoretically  zero  if  friction  were  neglected.  As  the  cross- 
bar travels  with  the  car,  the  triangle  sheave  is  drawn  forward  along 
the  timber  track  and  the  triangle  is  raised,  its  effective  weight  increas- 


DIAGRAM  OF  MOTION  OF 
AUTOMATIC  RAILWAY  TRIANGLE 


Fig.  5. 


ing  by  a  varying  quantity.  The  car  is  thus  gradually  brought  to  a 
stop,  at  which  instant  the  coal  drops  into  the  shed  ;  then  the  back- 
ward push  of  the  cross-bar  on  the  car  takes  place,  and  from  the  entire 
effective  weight  of  the  triangle  the  backward  push  is  gradually  re- 
tarded, until  the  sheave  is  again  directly  over  one  end  of  the  triangle, 
when  it  is  reduced  to  nothing.  As  the  backward  push,  however,  is  being 
retarded,  the  velocity  of  the  triangle  sheave  and  consequently  that  of 
the  car  is  being  increased  ;  and  at  that  point  where  the  effective  push 
of  the  triangle  reduces  to  zero,  the  sheave  velocity  is  at  its  maximum. 
There  is  in  the  triangle  and  cross-bar  a  mechanism  very  nearly 
identical,  in  its  rebounding  effect,  with  that  of  the  bow  and  arrow.     At 
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the  instant  wlien  the  bow  string  is  released,  the  component  of  string 
tension  pressing  on  the  end  of  the  arrow  is  very  large,  and  as  this 
component  decreases,  the  transverse  velocity  of  the  string  increases, 
until  at  that  point  where  the  string  is  straight,  its  effective  push  is 
zero.  Its  velocity,  however,  is  at  a  maximum,  and  is  infinite  as  com- 
pared with  the  ends  of  the  bow. 

In  the  short  mathematical  discussion  which  follows,  the  author 
has  deduced  formulas  to  determine  the  following  facts  : 

First. — Given  the  weight  of  the  triangle,  to  derive  the  angular  dis- 
tance through  which  the  triangle  is  raised  and  the  distance  through 
which  the  car  drags  the  cross-bar  ;  or,  given  the  distance  through  which 
the  car  drags  the  cross-bar,  to  determine  the  weight  of  the  triangle. 
Second. — Relative  velocity  of  the  rebounding  car  and  falling  triangle. 
Third. — Ileal  velocity  of  the  rebounding  car. 
Fourth. — Frictional  losses. 
Let  W  =^  weight  of  empty  car, 

W  =  weight  of  coal  carried  by  car, 
h  =  total  fall  of  car  from  starting  point  to  position  of  dumping, 
d  =  angle  which  rail  slope  makes  with  a  vertical  line, 
w  =  weight  of  ti-iangle, 
to"  =  weight  of  triangle  sheave, 
r=  OA, 
a  =  distance  OC  oi  center  of  gravity  of  the  triangle  from  0, 

the  center  of  rotation, 
c  =  distance  from  the  center  of  axle  to  center  of  triangle  sheave, 
y  =  horizontal  distance  of  triangle  sheave  from  its  initial  jjosi- 

tion, 
S  =  angle  which  any  radial  line  from  0  makes  with  its  initial 

position  for  any  jjosition  of  the  triangle, 
a  =  angle  OA  makes  with  the  horizontal  radius  when  in  its  in- 
itial position. 
Total  kinetic  energy  of  descended  loaded  car  =  work  done  in  raising 
triangle. 

Work  of  swinging  the  center  of  gravity  of  the  triangle  through  angle 
d  6  =  a  re  cos  6  d  6. 

First. — Total  work  of  swinging  the  center  of  gravity  of  the  triangle  = 

^,    a  ic  cos  bdft  =^aic  (sin  fi"  —  sin  fj'),  where  ft'  and /i"  are  the  initial 
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and  final  angles  made  by  the  radial  Une  through  the  centroid  with  the 
horizontal  radial  line.  But  since  total  work  done  on  the  triangle 
equals  total  kinetic  energy  of  the  loaded  car,  a  w  (sin  /3"  —  sin  /3')  = 

(TT  +  W)h  and/i"  =  sin-^    (W' +W)  h  +  a  w  sin  ^' 

a  >n  ^  '' 

This  would  be  the  true  value  for  /i"   if  frictional  losses  were  neg- 
lected. 

Let/ represent  that  part  of  the  total  height  throTigh  which  the  car 
falls  lost  in  friction  of  car  travel,  and  v  the  greatest  velocity  of  re- 
bound of  the  car,  then  ~  =  the  greatest  velocity  of  the  triangle 
sheave,  and  -g—  is  the  energy  lost  in  the  sheave  and  dissipated  in 
vibration  through  the  timber  and  triangle. 
Then 

W 


,,        ^  ,    w"  ^2         ^                   OV'  -f  W)   (h-f\j^aw  sin /J' 
^«  =  /  +  -^ ,  and  sin  /i"  = ^  -^  ^ 

sin  -1  {W  +  W)  (h  ~  L\  +  aio  sin  B' 
/i"  = . ^  ^  ^ 


a  w 


(H) 


The  total  angle  through  which  the  triangle  swings  is  /3"  —  (5' 
y=r  cos  a  —  r  cos  (c^r  -f-  /i"  _  /i') 

+  Vm'^  ~  [c  —  r  sin  [a  +  6)]  2 (jjlj 

and  when  9  =  ^5" fy 

y  =  r<iosa~rcos{a  +  ry-n  +  Vm^-[c-r^iu  [a  J^  f5"  -  fi')^ 
Drag  of  cross-bar  then  =  2  ?/  = 

2 1  r  cos  a  —  r  cos  [a  +  /i"  —  /?') 

+  V  m-  —  [c  —  r  sin  \a  +  fi"  _  fi'  )J  2  i (jy^ 

To  determine  the  weight  of  the  triangle  when  the  drag  of  the  cross- 
bar is  given,  substitute  the  value  of  the  latter  in  equation  (IV),  and 
solve  for /i";  then  substitute  the  real  value  for  ^"  in  equation  (H), 
and  solve  for  to. 

Second.— From  equation  (III) 
ll  =  r  sin  {a  -f  9)  +  \^j:r^^S^±JUcos^a+J)] 

V/   ?«2     __     j-g    _    ,,    g^j^     ^^     j^     g^-j  2  (         ) 

Equation  (V)  represents  the  rate  at  which  y  changes  with  respect 
to  9   or  the    relative    velocities    between   the    two.      When   9  =     0 
^  -  sin  ,^   .        »' »«  cos  or 
d  9   ~  "I"  1/  =^  =  <»  • 
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When  6  =  90°  —  a,  0  A  is  vertical  and  A  is  in  its  highest  position, 

and  ^  =  sin  90°  =  1. 

TV  V 

Third.— Bnevgj  given  up  to  ascending  car  =  -2^*    Energy  lost 

w"  v^      , 
in  the  triangle  sheave  =  — ^ ,  tnen 

W^      «^  ^  ^^  ^^     .^        _  ^.^  ^^,j  _  2  TFcos  5  ]  r  cos  «  -  r  cos 
2  g  8  g  ^ 

(«  +  /i"  _  ^')  +  ^,^2  _  [c  _  r  sin  (a  +  ^"-  /i')J  "^  [  -  §■  •  (VI) 

where  §  represents  that  part  of  the  total  friction  which  has  already- 
been  overcome,  and  where  v  is  the  only  unknown  quantity  and  can 
readily  be  computed. 

i^'oztr^/i.— Having' determined  v,  since 

w"  v"^       f        W  h       id"  v^ 

frictional  loss  in  ascent  and  descent  of  the  car. 

Equations  (I),  (II),  (III)  and  (IV)  indicate  that  the  angular  dis- 
tance through  which  tbe  triangle  is  raised,  and  the  horizontal  distance 
through  which  the  cross-bar  is  carried,  are  directly  dependent  on  the 
total  weight  of  the  loaded  car,  the  triangle  and  the  fall  of  the  car. 

Equation  (V)  gives  the  relation  of  the  horizontal  velocity  of  the 
triangle  sheave  or  cross-bar  to  the  angular  velocity  of  the  triangle,  and 
shows  that  when  the  sheave  is  directly  over  one  end  of  the  triangle, 
or  when  the  effective  pull  is  zero,  the  relative  velocity  is  infinite. 
When  the  end  of  the  triangle  is  vertically  above  the  axle,  then  the 
relative  velocity  is  unity;  or  the  end  of  the  triangle,  at  this  time,  when 
the  effective  pull  is  greatest,  moves  with  the  same  speed  as  the  sheave. 
In  all  other  positions  during  the  fall  of  the  triangle  the  sheave  moves 
faster  tban  the  end  of  the  triangle,  the  comparative  velocity  being  rep- 
resented by  equation  (V). 

By  equation  (VI)  the  real  velocity  of  the  rebounding  car  can  be  de- 
termined for  any  position,  either  while  it  is  still  in  contact  with  the 
cross-bar  or  after  it  has  left  it. 

CONSTEUCTION   OF   THE  BoOM. 

The  construction  of  the  boom  represents  a  rather  uncommon  and 
decidedly  interesting  problem.  Fig.  6  shows  the  construction  of  the 
curves  for  the  2-ton  steam  shovel  booms.     The  latter  are  made  in  three 
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different  standard  lengths,  so  that  hoisting  may  be  done  at  a  maxi- 
mum projection  of  20,  24  or  28  ft.  The  curve  of  the  bottom  chords  is 
in  all  cases  the  same;  the  top  chords  are  varied  by  making  them  arcs 
of  circles  of  diflfarent  radii.  The  booms  of  the  plant  described  herein 
were  of  28  ft.  projection. 

The  small  circles  in  Fig.  6  represent  the  sheaves  for  the  hoisting  chain 
in  the  boom  truck  when  the  latter  is  at  its  positions  Nos.  1,  2,  3,  etc. 

The  shovel  weighs  approximately  6  000  lbs.,  the  coal  4  000  lbs., 
and  the  boom  truck  2  000  lbs.,  making  a  total  vertical  load  of  12  000 
lbs.  The  chain  pull  is  10  000  lbs.  If  the  weight  of  the  boom  truck 
could  be  neglected,  the  total  downward  force  would  at  all  times  be 
equal  to  the  pull  of  the  chain,  and  if  the  direction  of  the  chain  from 
the  truck  to  the  engine  were  always  toward  a  certain  point,  which  has 
been  assumed  as  the  focus,  the  sides  of  the  parallelogram  of  forces 
would  always  be  equal,  and  the  curve  normal  to  the  resultants  would 
be  a  true  parabola  having  its  vertex  approximately  12  ft.  above  the 
focus.  This  follows  from  the  i^roperty  of  the  parabola  that  the  nor- 
mal to  the  curve  at  any  point  will  always  bisect  the  angle  included  be- 
tween the  focal  chord  through  that  point  and  a  line  parallel  to  the  axis 
of  the  parabola. 

In  the  construction  of  these  boom  curves  the  chain  was  assumed  to 
lead  from  the  fixed  point  on  the  engine  called  the  focus.  This,  al- 
though not  theoretically  exact,  is  suflSciently  accurate  for  practical 
purposes.  To  have  assumed  the  focus  for  each  possible  tangent  posi- 
tion of  the  chain  on  the  drum  would  have  made  the  problem  much 
more  comjilicated  and  would  have  affected  the  final  resulting  curve 
very  little. 

If  the  vertical  force  exceeds  the  inward  pvill  by  2  000  lbs.,  the 
weight  of  the  truck,  and  if  the  curve  is  constructed  so  that  it  is  at  all 
points  normal  to  this  resultant,  it  will  vary  from  the  parabola,  and  the 
result  will  be  the  limit  curve  for  10  000  lbs.  pull  and  12  000  lbs.  verti- 
cal load,  as  shown  in  Fig.  6.  Since  these  resultants  are  more  nearly 
vertical  than  the  resultants  for  the  parabolic  curve,  the  12  000  lbs. 
limit  curve  being  normal  to  them,  more  nearly  approaches  the  hori- 
zontal direction.  This  curve  then  represents  the  true  theoretical 
curve,  and  if  the  focus  is  constant,  as  has  already  been  assumed,  the 
boom  truck  will  be  in  an  exact  state  of  equilibrium  during  hoisting, 
neither  rising  nor  falling,  but  being  just  on  the  point  of  balance. 
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The  booms  as  actually  constructed  are  made  according  to  a  third 
curve,  shown  in  Fig.  6,  about  one-third  of  the  distance  between  the 
12  000  lbs.  limit  curve  and  the  true  parabola.  In  the  third  curve,  the 
vertical  loads  are  of  a  varying  value.  The  curve  is  so  constructed,  or 
rather  the  vertical  loads  have  been  so  modified,  as  to  take  into  ac- 
count the  friction  of  the  truck,  allowing  it  to  run  down  readily  of  its 
own  accord  from  its  highest  position  (No.  10)  when  dumping  above 
the  hopper.  At  all  other  positions  of  the  truck  a  certain  factor  of 
safety  exists,  whereby  a  small  weight  is  left  to  rest  on  the  lower  boom 
chock-block. 

This  overcomes  the  iJossibility  of  the  truck  sliding  in  too  freely 
with  the  shovel  toward  the  hopper,  as  a  cei'tain  remaining  downward 
force  keeps  the  hoisting  chain  taut  during  this  part  of  the  shovel 
travel.  In  j^osition  No.  10  of  the  truck,  the  weight  of  the  latter  has  been 
entirely  neglected,  and  accordingly  the  curve  is  there  a  true  parabola. 
Its  grade  is  greater  at  this  point  than  it  need  be,  which  insures  the 
descent  of  the  shovel  with  the  truck  down  the  boom;  whereas  with  the 
true  theoretical  curve  the  shovel  would  descend  into  the  hopper,  instead 
of  traveling  with  the  triick  when  the  hoisting  chain  is  released. 

For  i^ositions  Nos.  9,  8,  7,  6,  etc.,  the  vertical  loads  have  all  been 
modified  by  amounts  determined  mostly  by  experience.  The  entire 
curve  is  somewhat  less  inclined  than  the  parabola,  and  more  inclined 
than  the  true  theoretical  curve.  A  curve  has  been  constructed  for 
which  the  rolling  truck  friction  has  been  considered,  and  where  a  factor 
of  safety  is  given  to  the  travel  of  the  shovel  throughout. 

There  is  another  interesting  feature  about  the  construction  of  this 
curve.  Assume,  for  example,  that  the  shovel  is  held  accidentally  in 
the  hatch  of  the  boat,  say,  by  a  projecting  bolt,  or  through  careless- 
ness of  the  workmen,  or  otherwise.  In  this  case  the  engine  may  pull 
its  maximum  amount,  which  is  20  000  lbs.,  the  vertical  load  will  be 
20  000  plus  the  truck  weight  ;  and  since  the  resultant  of  this  force 
parallelogram  is  less  vertical  than  the  resultant  of  the  10  000  —  11  500 
lbs.  limit  curve,  or  the  newly  assumed  curve,  at  this  point,  it  has  a 
component  in  the  direction  of  the  track,  and  the  truck  will  slide  a 
short  distance  up  the  boom,  which,  when  noticed  by  the  engineer, 
warns  him  to  check  the  engine.  There  has  been  allowed  in  the  curve, 
therefore,  a  factor  of  safety,  which  not  only  guards  the  shovel  in  its 
travel  throughout,  but  which  acts  as  a  safety  valve  in  case  of  danger. 
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The  ciirve,  altliougli  estabUshed  theoretically,  has  been  verified  by 
the  actual  workings  of  the  shovel,  and  the  expected  results  have  all 
been  brought  out  in  practice. 

Boom  Stkesses. 
It  has  seemed  to  the  author  that  in  a  structure  of  this  nature,  where 
practically  every  condition  exists  that  is  prejudicial  to  its  life,  the 
assumed  working  strains  should  be  of  a  most  thoroughly  conservative 
nature.  The  steam  shovel  is  apt  to  be  in  operation  in  very  cold  weather, 
and  this  condition,  when  members  have  been  heavily  stressed,  has 
accounted  for  the  failure  of  many  outdoor  structures.  Furthermore, 
there  is  scarcely  a  member  in  the  boom  which  does  not  receive  a  repeat- 
edly varying  and  sometimes  rapidly  reversed  stress. 

The  short  length  of  the  truss  emphasizes  the  need  of  taking  into 
account  this  varying  and  reversal  of  stress,  since  the  dead-load  strains 
of  the  structure  itself  are  very  smaU  compared  with  the  live-load 
strains  of  the  traveling  shovel.  A  possible  break  in  the  boom  is  apt  to 
be  fatal  to  the  structure  as  a  whole,  hence  very  smaU  fiber  strains  have 

been  assumed. 

When  it  is  considered  what  careless  handling  a  steam  shovel  of  this 
kind  may  receive  at  the  hands  of  a  workman,  scarcely  any  assumed 
stress  can  be  called  too  conservative,  and  where  conditions  of  this  kind 
are  to  be  guarded  against,  the  structure  can  scarcely  be  made  too  secure. 

Again,  the  shovel  may  possibly  be  caught  in  the  hatch  of  a  boat  and 
not  be  perceived  by  the  engineer,  in  which  case  the  engine  would  exert 
its  maximum  pull,  a  quantity  much  greater  than  that  necessary  to 
raise  the  shovel.  To  allow  for  this,  all  stresses  have  been  computed 
for  the  maximum  engine  pull,  irrespective  of  the  loading  in  the  shovel. 
This,  of  course,  is  greatly  in  excess  of  the  actual  working  loads.  The 
conditions  under  which  the  engine  may  be  exerting  its  maximum  pull 
are,  however,  quite  possible,  and,  with  a  careless  engineer  and  a  small 
hatch,  quite  probable. 

The  assumed  working  stresses,  from  which  the  sections  of  the 
material  have  been  determined,  are  as  follows :  These  are  based  purely 
on  the  Weyrauch  and  Launhardt  formulas,  adapted  to  Wohler's  and 
Spangenburg's  experiments.  They  have  been  modified  slightly  to 
agree  more  closely  ^dth  the  ultimate  strength  of  the  steel  used  in  these 
structures. 
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Tension.  — 8  000  (  1  +  ^rf — '- — i )  for  suddenly  applied  stresses  of 

\  jyXdjX.  stress  / 

the  same  kind; 

8  000  (  1  —     „   " —  J  for  suddenly  apj^lied  stresses 

of  opposite  kinds ; 
=  12  000  lbs.  for  dead  load; 
=  16  000  lbs.  for  wind  load. 

■Compression. — 8  000  —  30  —^  for  live  load. 

Yov  reversals  of  stress  8  000  lbs.  is  decreased  as  follows : 
3  QQ      /^  _    Min^^tress^Y 
\  2  Max.  stress/ 

For  varying  loads  of  the  same  kind  8  000  lbs.  is  increased  as  follows: 
g^Q^/  Min^^tressy 

\  Max.  stress/ 

For  dead  load  =  12  000  —  45  — . 

r 

For  wind  load  =  16   000—  60  -— . 

r 

i?/r,ete.-Loads  suddenly  applied  |  =  ^^  ^00  lbs.  for  shear^^ 

-nx-i        -,  -,      Ti      -,  (=7  500  lbs.  for  shear, 

Wind  and  dead  load. .  •  •  |  _  15  000  lbs.  for  bearing. 

Fig.  7  is  a  strain  sheet  of  the  boom. 

Table  No.  1  shows  the  stresses  in  all  members  of  the  boom  for 
dead  load,  and  for  all  positions  of  hoisting,  from  No.  1  to  No.  9. 

The  reaction  at  the  upjier  end  is  taken  by  the  vertical  pin  shown 
in  Fig.  2.  It  is  always  inclined,  thus  setting  uj)  in  the  jDin  a  bending 
moment  as  well  as  a  direct  pull.  The  varying  nature  of  the  stress  in 
this  pin  is  shown  by  arrows  pointing  in  the  direction  in  which  the  pin 
counteracts  the  forces  which  act  on  the  boom  and  tend  to  pull  it  down  ; 
the  length  of  the  arrows  corresponding  to  the  quantity  of  stress. 
The  effects  of  varying  stresses  on  the  pin  are  in  this  case  very  much 
like  those  usually  coming  on  a  steel  spring,  as  they  change  from 
one  direction  to  another,  inducing  alternating  tensions  and  compressions 
in  the  extreme  fibers  of  the  pin. 

The  lower  reaction  is  purely  horizontal,  and  is  also  transmitted 
into  the  braces  by  vertical  pins,  the  stresses  varying  also  as  above, 
but  only  reversed  for  one  position  of  the  truck,  namely,  No.  9. 
Table  No.  1  shows  the  great  variation  in  the  stresses  of  all  members. 
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Taking,  for  example,  such  a  member  as  "  ^  Z",  between  positions  ^os. 
3  and  4  of  the  boom  truck;  the  maximum  live-load  stress  m  this 
member  is  a  tension  of  104  000  lbs.,  when  the  truck  is  stationed  at 
position  No.  4.  As  the  truck  runs  up  the  boom  toward  the  unloading 
position,  the  stress  decreases,  and  finally  changes  into  a  compression 
of  9  200  lbs.,  when  the  truck  is  stationed  at  position  No.  9. 

Furthermore,  these  stresses  are  not  such  as  are  induced  in  a  bridge 
structure  whose  loading  is  more  or  less  of  a  gradual  nature,  because  m 
this  case  the  Hve-load  is  applied  in  the  truly  theoretical  way.  As 
soon  as  the  engine  hoists,  the  load  is  there  with  its  full  effect.  This 
condition  seems  to  correspond  precisely  to  Eankine's  theoretical  live- 
load  In  bridge  structures,  repetitions  occur  only  after  long  mter- 
vals,  during  which  time  the  material  of  the  structure  has  the 
opportunity  to  recuperate,  as  it  may  be  called,  or  to  return  to  its 
original  molecular  state,  whereas  in  a  structure  of  this  nature,  the 
truck  rans  over  the  boom  with  considerable   speed,   averaging  one 

trip  per  minute. 

The  web  members  especially  are  subject  to  this  fatigue  of  varying 
and  reversal  of  stress.  Take  for  example  such  a  member  as  "(is  6." 
When  the  truck  is  in  its  position  No.  2,  this  has  a  compressive  stress 
of  15  000  lbs.  live  load,  making  a  total  compressive  stress  of  14  40O 
lbs  As  soon  as  the  truck  leaves  position  No.  2,  and  arrives  at  posi- 
tion No.  3,  the  stress  in  "«&"  is  completely  reversed  from  a  large 
compression  to  a  heavy  tension. 

la  determining  the  sections  of  material  of  the  boom  it  was  pri- 
marily necessary  to  observe  the  variation  just  mentioned.  In  addition 
to  this,  however,  it  will  be  noted  that  there  are  a  number  of  stresses 
of  a  different  nature  acting  upon  any  one  member  of  the  structure. 
Take  for  example  a  member  of  the  bottom  chord  "Z^";  there  is 
first  of  all  a  direct  tension  of  94  800  lbs.,  which  stress  may  be  increased, 
or  the  unit  stress  decreased,  in  proportion  to  its  variable  nature  as 
determined  by  the  assumed  formulas;  secondly,  the  bottom  chord, 
being  a  curved  member,  has  thrown  into  it  an  eccentric  stress,  pro- 
ducing a  bending  moment,  which  tends  to  increase  the  tensile  strain 
on  the  lower  fiber  of  the  chord,  and  decrease  that  on  the  upper  fiber. 
A  third  strain,  which  is  torsional,  is  induced  in  the  member  by  the 
truck  which  travels  on  the  flanges  of  the  6  x  6-in.  angles  of  the  bot- 
tom  chord. 
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All  top-chord  members  are  subject  to  direct  compression  and 
bending  moment  due  to  eccentricity  of  the  line  of  stress.  All  web 
members  are  subject  first  to  a  direct  pull  or  compression,  and 
secondly,  to  a  bending  moment  produced  by  the  tendency  of  the 
truck  to  spread  the  bottom  chords. 

It  is  hardly  advisable  to  go  into  any  of*  the  steps  of  calculation 
here;  the  ways  of  proceeding  are  those  given  generally  in  books  on 
the  mechanics  of  materials.  The  reason  the  writer  makes  note  of 
these  things  is  that  the  union  of  all  these  stresses,  combined  with 
great  variation  and  reversal,  is  rather  uncommon  in  the  ordinary  run 
of  structures. 

The  boom  may  j)erhaps  be  criticised  as  an  uneconomical  structure; 
but  when  all  conditions  are  taken  into  account,  and  the  successful 
working  of  the  boom  is  considered,  it  is  more  difficult  to  suggest  im- 
provements than  at  first  appears. 

It  is  needless  to  discuss  the  strain  sheets  of  the  towers;  these  would 
only  represent  the  results  of  comi^utations  in  statics,  and  would  re- 
semble those  of  a  cantilever  bridge  set  vertically  on  one  end  instead 
of  horizontally.  Stresses  throughout  the  tower  are  mostly  of  the 
same  nature  as  those  in  the  boom,  /.  e. ,  they  are  variable  and  some- 
times completely  reversed;  only  in  this  case  the  fixed  weight  of  the 
tower  with  its  engine,  hopper,  floor,  loads,  etc. ,  forms  a  much  greater 
portion  of  the  total  straining  of  the  tower,  and  the  immediate  shocks 
from  the  steam  shovel  are  not  so  readily  felt.  Unit  stresses,  there- 
fore, determined  by  the  assumed  formulas,  are  much  larger,  and 
sections  of  material  proportionately  lighter. 

Under  certain  conditions  it  is  necessary  to  aj^ply  a  downward  re- 
action on  the  rear  posts,  and  for  this  purpose  heavy  straps  have  been 
j)rovided  for  anchoring  the  towers  to  the  foundation  rails. 

Table  No.  2  shows  a  few  of  the  actual  tests  on  the  material. 

The  C.  W.  Hunt  Company  was  the  designer  and  builder  of  all  the 
coal-handling  machinery.  The  structural  steel  work  of  the  hoists  and 
coal  shed  was  done  by  the  Passaic  Boiling  Mill  and  the  Union  Bridge 
Company. 
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DISCUSSION. 


Geokge  Hriiii,  Assoc.  M.  Am.  Soc.  C.  E. — Tlae  paper  does  not  go  iuto  Mr.  Hill, 
the  economies  of  this  plant,  in  that  it  does  not  state  the  caj^ital  cost, 
antl  therefore  the  interest  and  depreciation,  as  forming  parts  of  the 
operating  expense,  are  not  known.  The  amount  of  wages  per  ton  of 
coal  handled,  and  the  amount  of  fuel  burned  per  ton  of  coal  handled, 
are  not  stated. 

There  is  no  description  of  the  method  of  generating  and  transmit- 
ting the  steam,  but  judging  from  the  plates,  especially  Plate  III,  Figs. 
1  and  2,  it  would  seem  as  though  it  were  generated  at  some  central 
plant,  and  transmitted  through  a  pipe  line  to  the  traveling  tower  and 
to  the  cylinders  of  the  hoisting  engines. 

The  speaker  may  be  in  error,  but,  to  him,  this  seems  to  be  an  ex- 
ceedingly antiquated  method  of  utilizing  the  energy  of  the  combustion 
of  coal,  and  a  few  calculations  he  has  made  seem  to  indicate  a  far  more 
economical  method  of  doing  the  work. 

In  the  first  place,  to  measure  the  work  done,  approximately  10  000 
lbs.  are  lifted  to  a  height  of  about  40  ft.,  which  is  400  000  ft. -lbs. ; 
then  12  000  lbs.  are  lifted  to  a  height  of  about  25  ft.,  which  is  300  000 
ft.-lbs.;  making  a  total  of  700  000  ft. -lbs.  The  author  states  that 
a  trip  is  made  in  about  50  seconds.  Without  serious  error,  this 
may  be  taken  as  one  minute.  The  efficiency  of  the  hoisting  engine, 
apart  from  the  thermo-dynamic  efficiency  of  the  steam,  would  not  ex- 
ceed 40 j^,  which  would  give  about  1  750  000  ft.-lbs.  of  work  done 
by  the  engine;  or,  if  it  be  assumed  that  the  work  is  done  in  one 
minute,  about  63  H.-P.  The  speaker's  experience  with  engines  of  this 
tyije  is  that  their  water  consumption  per  I.  H.  P.  is  about  150  lbs. 
Considering  the  length  of  pipe  through  which  the  steam  has  to  be 
transmitted,  the  liability  which  exists  therein  for  leaky  joints  and  con- 
densation losses,  the  fact  that  the  engine  is  being  constantly  reversed, 
that  it  is  in  an  exposed  position,  and  that  probably  the  cylinder  drips 
are  always  slightly  open  to  take  care  of  condensation,  it  would  seem 
that  150  lbs  is  a  very  reasonable  estimate.  This  will  give  about  14  lbs. 
of  coal  i^er  minute,  or  for  2  tons  of  coal  delivered  on  the  pile.  If 
coal  is  worth  $4  a  ton,  the  fuel  cost  per  ton  of  coal  delivered  on  the  iDile 
is  1.4  cents. 

If,  on  the  other  hand,  an  electric  motor  were  installed  for  handling 
the  hoisting  drums,  the  electricity  being  generated  in  a  compound  con- 
densing plant,  under  cover,  in  some  central  location,  and  the  apparatus 
controlled  by  some  one  of  the  usual  and  well-tested  methods,  the  fuel 
cost  per  ton  of  coal  would  be  about  as  follows:  In  the  first  place,  the 
mechanical  efficiency  of  the  hoisting  engine  will  be  about  50  per  cent. 
The  work  done  is   1  400  000  ft.-lbs.,   and  the  resulting  horse-power 
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is  42  As  there  are  practically  no  line  losses  to  consider  no  losses 
from  cylinder  condensation,  drips,  leaky  joints  or  anything  of  that  sort, 
it  may  be  said  that  a  horse-power  is  delivered  to  the  engine  or  the 
electric  motor  with  the  expenditure  of  about  30 lbs.  perl.  H.  P  -hour, 
which  gives  2.3  lbs.  of  coal  per  minute  and  a  resulting  cost  for  fuel  on 
the  same  basis  as  above,  of  about  i  cent.  So  that  there  is  quite  a 
margin  within  which  apparently  the  economy  of  the  plant  could  be 

'"^^So  far  as  concerns  the  cost  of  installation,  the  speaker  believes  that 
electric  motors  and  a  generator  would  have  been  fully  as  cheap  as  the 
steam  plant,  and  the  operating  expenses  would  certainly  be  very  ma- 
terially decreased  in  the  item  of  wages,  for  keeping  up  the  pipe    me 
central  station  work,  etc.,  as  well  as  in  the  item  of  fuel      If  the  load 
due  to  the  shovel  and  trolley  was  partially  counterbalanced    it  may 
be  pointed  out  that  whatever  was  practicable  in  that  respect  tor  the 
steam  hoist  would  also  be  practicable  for  an  electric  hoist      Conse- 
quently the  ratios  of  coal  consumption  and  cost  remain  practically  the 
same.     The  speaker  does  not  advance  those  figures  as   being  abso- 
lutely correct,  but  as  being  relatively  so.  ,        .i     '  i  •  i 
The  speaker  has  no  knowledge  of  any  steam  line  of  any  length  which 
has  no  steam  losses  due  to  leaking  joints,  and  in  such  lines  condensa- 
tion losses  are  at  least  equal  to  5%  of  the  weight  of  the  steam  trans- 
mitted.    Neither  has  he  any  knowledge  of  flexible  steam  pipe  m  which 
losses  were  not  excessive  so  long   as  the  pipe  was  flexible.     It   the 
transmitting  steam  pipe  was  proportioned  in  size  to   supply  several 
hoisting  towers  simultaneously,  the  losses   due  to  radiation  would 
be  proportionate  to  the  size   of   the   pipe  rather  than  to  the  pounds 
of  steam  transmitted,  and  would,  in  consequence,  be   greater.     Ihe 
maintenance   of  such   a   pipe  line  in   a  proper  condition  would  be 
an  item  of  expense   decreasing  in  amount  as  the  installation  charge 

In  an  electric  transmission,  on  the  other  hand,  there  would  be  no 
appreciable  transmission  loss  and  practically  no  maintenance  charge 
to  be  made.  If  the  generating  plant  be  considered,  in  each  case,  as 
independent,  for  the  purpose  of  operating  the  unloading  towers  alone, 
the  total  wages  account  for  the  electric  plant  would  be  less  than  for 
the  steam  plant.  If  it  be  in  each  case  considered  as  a  part  of  a  large 
central  station  generating  power  for  a  number  of  other  uses,  the  cost 
of  such  power  at  the  central  station  end  of  the  transmitting  device 
would  be  far  less  for  the  electric  than  for  the  steam  plant. 

The  speaker  uses  U  per  ton  as  a  convenient  price,  but  the  ratio 
would  hold  good  for  any  price.  The  absolute  amount  of  the  saving 
that  might  be  efi^ected  can  be  ascertained  if  the  author  adds  to  his 
paper  all  the  items  of  expense  heretofore  mentioned  by  the  speaker  as 
being  omitted. 
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O.  J.  Maestkand,  M.  Am.  Soc.  C.  E. — The  coal-handling  plant  in  Mr.  Marstrand. 
the  free  port  of  Copenhagen  has  five  elevators  for  2-ton  steam  shovels 
and  thirty-six  automatic  tracks.     The  coal  is  stored  in  three  pockets, 
each  having  a  capacity  of  10  000  tons,  and  in  a  yard  having  a  capacity 
of  30  000  tons,  situated  immediately  back  of  the  pockets. 

The  plant  is  owned  and  oj^erated  by  the  Danish  Coal  Company. 
The  machinery  was  designed  by  The  O.  W.  Hunt  Company,  and  built 
partly  by  them  and  j^artly  by  The  Titan  Company,  of  Copenhagen, 
who  were  the  contractors  for  the  entire  plant. 

With  one  or  two  exceptions,  the  machinery  is  identical  with  that 
described  by  the  author,  the  differences  being  introduced  to  meet  local 
requirements.  One  of  these  was  that  the  coal  should,  at  times,  be  un- 
loaded from  the  steamers  into  barges  brought  up  close  to  and  on  the 
farther  side  of  them,  which  meant  that  the  shovel  should  be  run  out 
to  the  end  of  the  boom  and  there  dumped.  For  this  purpose  a  secon- 
dary or  trolley  engine  was  placed  in  the  tower,  its  operating  lever  being 
brought  to  the  operating  stand  of  the  main  hoisting  engine.  A  rope, 
attached  to  the  boom  truck,  passed  over  a  sheave  at  the  outer  end  of 
the  boom,  to  a  sheave  at  the  top  of  the  elevator,  thence  around  the 
drum  of  the  trolley  engine  and  back  to  the  boom  truck.  In  this  manner 
the  boom  truck  could  be  moved  in  and  out  from  its  position  over  the 
hatch  of  the  steamer  to  a  position  from  which  the  coal  could  be 
dumped  through  a  hopper  into  the  barge. 

Another  local  requirement  was  that  the  dock  on  which  the  elevators 
moved  should  be  kept  clear  for  the  passage  of  railroad  cars,  and  that 
the  coal,  at  times,  should  be  dumped  directly  into  these  cars  through 
hoppers  in  the  elevators.  The  rear  legs  of  the  elevators  were,  there- 
fore, not  carried  down  to  the  ground,  but  were  supported  on  wheels  on 
a  rail  attached  to  the  front  walls  of  the  storage  buildings,  at  such  an 
elevation  as  to  leave  a  clear  headway  for  the  cars.  The  two  rails  of 
the  track  on  which  the  towers  moved  were  thus  built  at  a  considerable 
difference  of  elevation,  and  were  supported  on  separate  foundations. 
It  should  be  noted,  however,  that  the  coal  jjockets,  to  which  the  upi^er 
rail  was  attached,  are  uniisually  substantial  structures  for  buildings 
of  this  character.  They  are  built  of  Monier  and  Melan  construction, 
and  the  front  walls,  particularly,  are  built  of  vertical  I-beams  im- 
bedded in  concrete,  and  stand  on  pile  foundations. 

This  machinery  was  erected  in  1897,  and  has  been  in  operation  for 
more  than  a  year. 

T.  A.  CorriN,  M.  Am.  Soc.  C.  E. — Attention  should  be  called  to  Mr.  Coffin, 
some  of  the  sections  adopted  in  the  construction  of  the  towers  and 
booms. 

The  struts  which  hold  the  booms  out  from  the  tower  are  of  a 
section  which  might  appear  to  be  jjeculiar,  namely,  an  I-beam  on  a 
channel,  both  being  securely  riveted  together.     By  taking  moments 
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Mr.  Coffin,  about  the  top  point  of  the  boom  there  is  obtained  a  much  larger 
thrust  on  these  struts  than  the  20  000-lb.  engine  pull,  and,  as  they 
are  to  receive  this  live  loading  directly,  they  require  some  attention 
in  their  design.  When  the  boom  is  swung  around,  these  struts, 
rotating  on  their  pins,  pass  across  the  surface  of  the  cross-beam  which 
connects  them  to  the  boom.  Consequently,  only  single  shear  is  ob- 
tainable at  their  point  of  connection,  and  the  strain  passes  through  the 
lower  line  of  the  section,  the  channel  being  designed  to  take  the  entire 
strain,  and  the  I-beam  holding  it  horizontal. 

This  section  vibrates  very  little  during  hoisting,  much  less  than 
sections  formerly  used,  and  which  were  composed  of  two  latticed  chan- 
nels. 

In  order  to  avoid  vibration,  which  is  the  disagreeable  element  in 
most  hoisting  towers,  tending  to  make  engineers  and  Avorkmen  doubt- 
ful of  their  safety,  sections  were  adopted  which  promised  to  insure 
stiffness  as  well  as  strength,  in  the  structure. 

All  the  main  members  of  the  towers  were  composed  of  latticed 
channels  or  beams.  These  main  members  were  secured  at  theii*  con- 
nections by  gusset  plates,  riveted  on  either  side  to  the  flanges  of  the 
channels  or  beams,  thus  making  every  joint  a  fixed  end.  Sections 
plated  in  that  manner  take  the  shake  out  of  the  structure,  as  they  are 
continuous  beams. 

By  comparative  estimates  of  similar  towers  with  others  composed 
of  four  angles  back  to  back  as  main  members,  the  weights  were  found 
to  be  nearly  the  same,  but  the  angle-iron  towers  had  comparatively 
little  stiffness. 

In  some  cases  the  towers  have  to  be  tied  down  in  the  rear.  This 
was  necessary  in  this  instance,  because  the  tower  base  was  restricted, 
having  only  a  narrow  wharf  on  which  to  be  ojierated. 

In  regard  to  raising  the  entire  load  of  10  000  lbs.  for  each  trip  of 
the  shovel,  the  speaker  would  call  attention  to  the  fact,  that,  as  the 
weight  of  the  shovel  was  nearly  balanced  by  a  counterweight,  the  en- 
gine had  only  to  raise  the  coal  plus  a  small  fraction  of  the  weight  of 
the  shovel. 
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CORRESPONDENCE. 


J.  Kahn,  Jiin.  Am.  Soc.  0.  E. — Referring  to  Mr.  Hill's  remarks,  Mr.  Kahn. 
the  steam  is  conducted  to  the  towers  from  a  central  boiler  plant  situ- 
ated near  the  towers.  The  steam  main  shown  in  Fig.  2  leads 
along  the  rear  of  the  towers.  Steam  connections  from  the  engines  to 
the  main  are  made  with  3-in.  wrought-iron  pipe,  jointed  at  intervals 
with  flexible  steam  joints,  which  will  allow  free  movement  of  the 
towers  along  the  wharf.  All  pipe  is  well  covered  with  a  non-con- 
ducting material,  reducing  thereby  steam  condensation  to  a  mini- 
mum. 

Mr.  Hill  makes  an  error  in  his  computations  for  actual  work  done 
by  the  engine  in  hoisting  the  coal.  A  portion  of  the  weight  raised  is 
at  all  times  balanced  by  the  counterweight,  and  since  the  weight  of 
the  latter  is  equal  to  ro  of  that  of  the  empty  shovel,  the  actual 
weight  raised  before  the  boom  truck  is  reached  is  10  000  —  -^j  of 
6  000  =  5  200  lbs. ;  and  after  the  boom  truck  is  reached,  7  200  lbs. 
This,  of  course,  greatly  reduces  Mr.  Hill's  approximations  of  the  cost 
of  hoisting. 

The  question  of  electric  driving  was  seriously  considered  before 
the  final  arrangement  of  these  hoists  was  decided  upon.  The  require- 
ments for  motors  to  operate  these  engines  were  laid  before  a  number 
of  electrical  manufacturing  companies,  but  owing  to  the  irregular 
working  of  the  engines,  together  with  the  large  power  required,  none 
of  these  companies  cared  to  undertake  the  task  of  equipping  the 
engines. 

Briefly,  the  conditions  were  as  follows:  The  hoisting  engine, 
working  at  its  normal  rate,  has  a  cai^acity  of  about  150  H.-P.,  and  its 
ultimate  capacity  approaches  close  to  200  H.-P.  It  is  compelled  to 
change  its  direction  of  working  twelve  times  every  50  seconds,  the 
time  of  one  trip.  Thiis,  starting  at  the  beginning  of  hoisting,  it  runs 
forward;  slows  up  as  it  apjjroaches  the  boom;  stops  above  the  hopper; 
holding  chain  drum  is  here  fixed,  and  hoisting  chain  drum  reverses, 
allowing  the  shovel  to  open ;  hoisting  chain  drum  is  run  forward,  closing 
the  shovel;  engine  is  stoj^ped  for  an  instant;  both  drums  are  reversed, 
allowing  the  shovel  to  descend  the  boom,  at  first  slowly,  then  rapidly; 
holding  drum  is  again  fixed,  hoisting  chain  drum  reversed,  allowing 
the  shovel  again  to  open;  holding  drum  is  freed,  allowing  the  shovel 
to  fall  into  the  coal  pile;  hoisting  drum  is  run  forward  until  the  shovel 
closes;  both  drums  run  forward,  lifting  the  filled  shovel  again  toward 
the  boom.     All  these  changes  in  motion  take  place  every  50  seconds. 

It  can  readily  be  seen  that  where  so  many  operations  must  be  per- 
formed during  such  short  intervals,  it  would  be  a  very  difiicult  prob- 
lem to  secure  a  motor  which  would  work  satisfactorily. 
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During  a  recent  visit  to  Paris,  the  author  became  much  interested 
in  the  engineering  features  of  the  Paris  Exposition  of  1900,  and 
undertook  to  collect,  for  presentation  to  this  Society,  such  informa- 
tion as  was  obtainable  on  certain  interesting  and  important  points. 

The  engineers  in  charge  of  the  several  works,  fully  understanding 
this  purpose,  afforded  him  every  facility  for  inspection,  and  kindly 
furnished  plans,  reports  and  other  data. 

The  Exjjosition  of  1889  occupied  the  Trocadero  grounds  and  the 
Champs  de  Mars.  The  special,  or  rather  the  grand,  feature  of  that  Ex- 
position was  the  Eiffel  Tower,  and,  as  secondary  only,  the  Palais  des 
Machines.  These  two  structures  were  the  only  ones  preserved.  The 
latter  is  to  be  remodeled  in  its  interior  by  jjreserving  a  great  central 
space  as  a  Salle  des  Fetes,  the  remainder  of  the  building  being  devoted 
to  the  Agricultural  Exhibit. 

*  It  has  been  found  impossible  to  reproduce  all  the  plans,  drawings,  etc.,  accompany- 
ing this  paper,  but  they  are  all  filed  in  the  Library  of  the  Society  for  reference.  A  list 
of  the  Exliibits  will  be  found  at  the  end  of  the  paper. 
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The  Eiffel  Tower  lias  been  kept  in  nse  all  the  time.  Recently, 
varioiis  experiments  have  been  made  to  determine  the  best  color  for 
repainting  it.  After  many  trials  with  various  tints  it  has  been  deci- 
ded to  paint  it  sky-blue,  in  order  to  make  it  as  inconspicuous  as  pos- 
sible, it  being  thought  that,  in  the  clear  days  which  may  be  expected 
generally  during  the  Exposition,  this  color  will  blend  with  the  blue 
of  the  sky  and  make  the  tower  less  prominent. 

As  it  is  the  desire  of  the  architects  to  make  electricity  the  main 
exhibit,  and  to  attract  for  it  the  greatest  attention,  the  Electricity 
Building  will  be  the  most  striking  object  to  meet  the  eye  of  the 
visitor.  The  bird's-eye  view,  Plate  V,  shows  this  building  standing 
in  the  center  of  the  Champs  de  Mars,  in  its  longer  dimension,  and 
near  the  Salle  des  Fetes. 

An  outline  map  of  Paris  is  shown  on  Plate  VI. 

A  greater  area  for  the  Exposition  than  that  of  1889  has  been  pro- 
vided, by  taking  the  Gardens  of  the  Hotel  des  Invalides,  and  also  an 
area  on  the  right  bank  of  the  Seine,  now  occupied  by  the  old  Palace 
of  Industry,  which  is  soon  to  be  removed.  Two  beautiful  permanent 
stone  Art  Palaces,  the  larger  and  the  smaller,  are  nearing  completion 
on  this  ground.  Between  them  is  to  be  opened  a  broad  avenue  lead- 
ing from  the  Avenue  des  Champs  Elysees  over  the  river  and  up  to  the 
elevated  plateau  immediately  in  front  of  the  Hotel  des  Invalides. 
This  new  avenue  will  present  a  striking  artistic  feature  of  the  Expo- 
sition, and  will  remain  as  one  of  the  most  beautiful  avenues  of  the 
city.  It  seemed  proper  that  the  bridge  to  be  bviilt  across  the  Seine, 
to  connect  the  two  parts  of  this  avenue,  should  be  made  a  monumen- 
tal structure  and  one  of  the  principal  features  of  the  Exposition. 

Another  quite  extensive  area  has  been  provided  along  the  left 
bank  of  the  river,  connecting  the  Champs  de  Mars  and  the  Gardens 
of  the  Invalides — the  two  main  parts  of  the  Exposition  on  that  side. 
This  strip  of  land  which  has  been  reclaimed  from  the  Seine  by  a  very 
substantial  masonry  wall,  is  about  100  ft.  wide,  and  will  be  occu- 
pied mostly  by  the  government  buildings  of  the  various  countries  of 
the  world.  The  bird's-eye  view,  while  in  some  respects  imaginative, 
shows  how  cosmopolitan  will  be  this  strip  of  land.  Underneath  this 
strip,  and  about  through  its  center,  has  been  built  a  double-track 
railroad  subway,  by  which  the  Western  Kailroad  will  traverse  the 
entire  front  of  the  grounds  and  reach  its  large  and  permanent  low- 
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level  station  along  the  Quai  d'Orsay  and  tinder  the  Gardens  of  the 
Invalides.  After  reaching  the  Pont  des  Invalides,  or  just  before 
reaching  it,  the  railroad,  by  reversed  curves,  passes  under  the  first 
building  marked  on  the  map  "  Gare  des  Invalides,"  and  then  spreads 
out  into  quite  wide  station  grounds,  and  reaches  the  opposite  side  of 
the  Gardens,  where  it  has  a  duplicate  station,  both  stations  being  per- 
manent stone  structures. 

The  features  thus  briefly  referred  to  can  be  better  understood  by 
examining  the  sketch  of  the  Exposition  grounds  (Fig.  1),  on  which  the 
subway  above  mentioned  and  the  arrangement  of  the  tracks  at  the 
Gare  des  Invalides  are  shown  by  heavy  dotted  lines. 

The  following  works  will  now  be  described  in  the  order  named: 

1.  The  Alexander  III  Bridge. 

2.  The  Extension  of  the  Orleans  Railroad  toward  the  Exposition 

Grounds. 

3.  The  Extension  of  the  Western  Railroad  to  the  Exj)osition. 

4.  The  Plateforme  Mobile   (Movable  Sidewalk)  and  Electric  Rail- 

road. 

5.  The  Metropolitan  Underground  Electric  Railway. 

6.  The  Enlargement  of  the  Gare  de  Lyons  of  the  Paris,  Lyons  and 

Mediterranean  Railway. 

The  Alexandek  III  Beidge. 

As  the  Annales  des  Pontset  Chauasees  contain  detailed  descriptions  of 
this  bridge,  it  would  be  superfluous  to  more  than  briefly  mention  this 
very  interesting  work.  Some  of  its  features  are  quite  extraordinary, 
and  will  be  worthy  of  careful  study  by  those  specially  interested  in 
ornamental  bridge  construction  on  an  extensive  scale. 

Mr.  Alby,  the  Resident  Engineer,  requested  the  author  to  j^resent 
to  the  Society  the  photographs  shown  in  Plate  VII.  These  photographs 
show  the  elevation  of  the  bridge  and  a  section  through  one  of  the 
abutments,  and,  though  made  prior  to  the  construction  of  the  bridge, 
they  are  correct,  except  as  to  some  unimportant  features  of  the  abut- 
ments, which  developments  during  the  preliminary  work  made  it  neces- 
sary to  change. 

It  may  not  be  generally  known  that  in  1823  a  project  for  a  suspen- 
sion bridge  at  this  location  was  brought  forward  and  finally  apj)roved. 
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and,  after  two  years'  work  and  the  expenditure  of  a  considerable  sum 
of  money,  was  nearly  finished.  This  was  in  1826.  Upon  putting  the 
cables  in  tension  and  laying  the  floor  of  the  bridge,  the  joints  in  the 
tipper  seats  of  the  counterforts  of  the  right  bank  opened  slightly. 
Some  d.ays  afterward  a  water  conduit  nearly  broke  in  two.  No  doubt 
this  damage  could  have  been  easily  repaired,  but  it  gave  an  opjaor- 
tunity  to  the  opponents  of  the  structure,  who  were  not  jsleased  with 
its  artistic  features,  the  toweis  obstructing  the  view  of  the  fagade 
of  the  Hotel  des  Invalides,  to  renew  their  efforts  to  have  the  bridge 
condemned.  It  was  decided  to  abandon  the  work  and  remove  it 
entirely. 

A  suspended  structure,  constructed  near  by  in  1829,  transformed 
in  1854  into  a  masonry  bridge  and  called  the  Pont  des  Invalides, 
has,  until  recent  years,  been  ample  for  the  traffic,  but,  with  the  in- 
crease of  traflSc,  the  congestion  over  the  Pont  de  la  Concorde,  next 
above,  made  it  necessary  to  provide  another  structure  between  the  two, 
and  the  location  in  extension  of  the  Kue  de  Constantine  was  selected, 
as  the  Palais  d'Industrie  blocked  the  wiiy  for  one  at  the  location  of  the 
demolished  bridge. 

But  the  decision  to  remove  the  Palais  d'ludiistrie  and  to  build  two 
Art  Palaces  in  these  grounds  as  features  of  the  1900  Exi^osition,  led 
to  the  adojition  of  the  present  location,  and  it  was  also  decided  to 
build  a  great  architectural  structure.  As  is  well  expressed  in  the 
memoire : 

"  Le  choix  de  I'emplacement  de  I'Exposition  Universelle  de  1900, 
qui  a  entraine  la  demolition  du  palais  de  I'lndustrie  et  I'ouverture 
d'une  large  avenue  entre  les  Chamj^s-Elysees  et  I'Esplanade  des  In- 
valides, a  fait  necessairement  abandonner  le  projet  du  pont  de  Con- 
stantine et  comprendre  dans  le  programme  des  travaux  de  I'Exi^osition 
une  traversee  de  la  Seine  dans  I'axe  de  la  nouvelle  avenue,  traversee 
d'un  caractere  monumental  en  raison  du  role  qu'elle  est  appelee  a  jouer 
dans  un  ensemble  decoratif. " 

As  is  well  known,  the  Czar  of  Russia,  Alexander  III,  laid  the  foun- 
dation stone  of  this  bridge,  on  the  occasion  of  his  visit  to  Paris,  and 
this  gave  it  its  name. 

The  plans  were  under  consideration  in  1895,  by  the  Minister  of 
Public  Works,  the  Minister  of  Commerce  and  the  Commissioner- 
General  of  the  Exposition.  The  matter  was  referred  to  the  Conseil- 
General  des  Ponts  et  Chaussees   in  June,   1896.     The   plans   of  the 
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foundations  were  approved  in  January,  1897,  and  of  the  superstructure 
in  July  of  the  same  year. 

The  architectural  features — the  decorative  parts — were  worked  out 
later  by  the  architects,  Messrs.  Benard  and  Cousin,  with  a  view  of 
harmonizing  the  entire  structure  with  the  architecture  of  the  Expo- 
sition and  other  features  of  the  locality.  There  were  three  points 
to  consider:  First,  not  to  interfere  with  the  perspective  of  the  Invalides, 
viewed  from  the  Champs-filysees;  second,  not  to  injure  the  appearance 
of  the  Seine,  seen  from  the  Pont  de  la  Concorde;  third,  to  make  the 
width  in  jiroportion  to  the  width  of  100  m.  (328  ft.)  of  the  new  avenue. 
On  the  other  hand,  the  width  of  clear  sj^an  for  navigation  must  take 
into  account  a  bend  in  the  river  at  the  location,  which  throws  the  cur- 
rent upon  the  right  bank.  To  restrict  the  width  at  this  point  would 
seriously  interfere  with  the  navigation  by  convoy.  Very  laborious 
study  was  given  to  all  these  points.  In  the  structure,  as  finally  de- 
signed, all  these  requirements  have  been  met. 

The  type  of  the  bridge  is  that  of  three  articulations.  The  princi- 
pal features  of  alignment  and  dimensions  are  as  follows: 

The  longitudinal  axis  corresiDonds  with  that  of  the  new  aveniie, 
requiring  a  slight  skew  with  the  face  of  the  abutments,  which  are  j^ar- 
allel  to  the  navigable  channel  of  the  river. 

The  width  of  the  river  between  the  two  quays  is  155  m.  (508.5  ft.). 
The  abutments  project  somewhat,  so  that  the  articulations  of  the  two 
ends  are  107.50  m.  (352.69  ft.)  apart. 

The  width  of  the  bridge  is  40  m.  (131.2  ft.)  between  guards;  a 
central  roadway  of  20  m.  (65.6  ft.)  and  two  sidewalks,  each  of  10  m. 
(32.8  ft.).  The  grade  toward  the  center  is  2%,  joined  by  a  vertical 
curve  of  32  m.  (104.99  ft.)  chord  and  of  800  m.  (2  624  ft.)  radius. 

The  curve  of  the  cross-section  of  the  roadway  is  also  of  0.20  m. 
'(0.656  ft.)  rise. 

The  metallic  structure  is  comj^osed  of  fifteen  arches,  or  ribs, 
equally  spaced.  These  ribs  are  of  cast  steel;  the  superstructure, 
floor,  etc.,  are  of  rolled  steel,  and  the  decorative  parts  are  castings. 

As  the  river  could  not  be  obstructed  an  entire  year,  during  the 
erection  of  the  structure,  it  became  necessary  to  devise  some  means  of 
erection  to  avoid  this.  For  this  reason  the  ribs  are  united  by  bolts 
rather  than  by  rivets,  and  the  erection  is  performed  by  means  of  a 
traveler  which  sjDans  the  river,  moving  on  wheels,  on  tracks  laid  on 
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each  abutment.     This  traveler,  Figs.  2  and  3,  moves  down  stream  from 
each  set  of  two  ribs  to  another  set— a  veritable  rolling  bridge. 

The  flatness  of  the  arch,  necessitated  by  the  reasons  already  stated, 
is  one  of  the  unique  features  of  the  structure.  The  axes  of  the  end 
articulations  are  2.25  m.  (7.38  ft.)  above  the  normal  level  of  the  water 
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Fig.  2. 
and  the  articulation  at  the  center  is  8.53  m.  (27.98  ft.)  above  the  same 
level.     The  ratio  of  rise  to  length  is  1  to  17.12. 

The  foundation  work  was  not  only  very  interesting,  but  somewhat 
diflScult  to  manage,  on  account  of  the  great  size  of  the  abutments. 
Owing  to  the  flatness  of  the  arch,  the  thrust  is  very  great,  288  tons  per 
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square  meter  (10.76  sq.  ft.).     The  thrust  bj  the  first  plan  was  345  tons 
per  square  meter,  and  the  ratio  of  rise  to  span  was  1  to  20. 

The  endeavor  to  reduce  the  pressure  has  been  constant,  on  account 
of  the  anxiety  caused  by  the  character  of  the  subsoil,  due  to  the 
settlements  in  the  other  old  bridges  nearby,  built,  but  afterward 
removed. 

The  abutments  are  parallelograms,  33.50  m  (109.88  ft.)  with  the 
axis  of  the  bridge  and  44  m.  (144.36  ft.)  with  the  axis  of  the  river. 
Each  of  these  immense  abutments  was  founded  on  a  single  caisson,  di- 
vided into  five  parts  by  partitions  perpendicular  to  the  direction  of  the 
river.  Above  the  working  chambers  there  was  a  metalhc  truss-work 
parallel  to  the  direction  of  the  river.  The  working  chambers,  and  the 
truss-work  as  well,  are  fiUed  with  beton  in  the  proportion  of  3  volumes 
of  Seine  gravel  to  2  volumes  of  mortar.  The  mortar  is  mixed  in 
the  proportion  of  450  kgr.  (992.25  lbs.)  of  Portland  cement  to  1  cu. 
m.  (1.31  cu.  yds.)  of  sand.  The  mean  thickness  of  the  beton  is  3.40  m. 
(11.144  ft.).  All  the  upper  part  of  the  abutment  is  of  masonry.  There 
are  on  the  face  three  courses  of  granite,  each  0.50  m.  in  height,  and 
above  them  a  molded  granite  course,  upon  which  rests  directly  the 
masonry  for  the  skewbacks  of  the  arch.  These  and  other  details  are 
shown  in  Fig.  4. 

In  the  execution  of  the  work  it  was  decided  to  build  and  sink  the 
caissons  in  place  without  dredging.  The  metallic  structure  of  the 
caissons  is  soft  steel.  The  general  features,  as  well  as  some  details 
showing  the  air-locks  and  shafts,  of  which  there  were  ten,  are  shown 
on  Exhibit  F  4.*  The  height  of  the  caisson  proper  was  only  3.68  m. 
(12.07  ft.).  The  exterior  walls  were  carried  up  by  prolonging  the  sides 
as  the  caisson  sank,  as  shown  in  Fig.  5. 

The  compressed  air  used  in  the  caissons  was  taken  directly  from 
the  pipes  of  the  Popp  system  near  by.  The  caissons  were  lighted  by 
electricity  from  plants  established  at  the  works  on  each  bank.  The 
depth  of  the  cutting  edge  of  the  caisson  below  ordinary  level  of  the 
water  was  about  30  ft. 

The  details  of  the  descent  of  the  caissons  are  graphically  shown  in 
Exhibit  F  7.*  Some  details  of  the  granite  foundations  of  the  skew- 
backs,  the  weights,  lines  of  thrust,  etc.,  appear  in  Exhibit  F  8.* 

The  ornamental  features  of  the  four  towers  appear  in  Exhibit  F  9.* 
*  These  exhibits  are  not  reproduced  herein,  but  are  on  file  in  the  Library. 
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The  four  sitting  figures  are  to  represent  the  four  periods  of  French 
history,  Charlemagne,  Louis  XIV,  the  early  and  the  later  Ke- 
publics. 

The  engineers,  Messrs.  Eesal  and  Alby,  are  from  time  to  time  writ- 
ing the  history  of  the  work  in  the  Annales  des  Pouts  et  Chaussees,  and  at 
the  recent  Fiftieth  Anniversary  of  the  French  Society  of  Civil  Engi- 
neers they  gave  a  general  description  which  will  soon  appear  in  its 
Bulletins. 

As  a  matter  of  interest,  iu  comparing  this  bridge  with  the  Mirabeau 
Bridge,  further  down  the  river,  Mr.  Alby  has  presented  photographs 
of  that  bridge,  A\ith  a  description  of  the  same  which  appears  as  Ex- 
hibit I*. 

Some  of  the  printed  matter  from  which  the 
above  brief  description  is  taken  is  found  in  No. 
6  and  No.  27,  pages  165-214  and  311-328,  re- 
spectively, of  the  Annales  des  Fonts  et  Chaussees 
of  1898.  Further  descriptions  by  the  same 
writers  are  to  follow. 

The  arched  platform  hanging  from  the  rolling 
bridge  was  rea:ly  for  the  erection  of  the  arch 
members  about  November  10th,  1898,  when  the 
work  of  lalacing  the  permanent  arch  ribs  was 
begun. 

The  Extension  of  the  Orleans   Railroad 
Toward    the    Exposition  Grounds. 


The  new  station  at  Quai  d'Orsay  at  the  level 
of  the  tracks  is  shown  in  Plate  VIII.  Outside' 
of  the  plans  there  are,  however,  a  few  points 
to  be  noted. 

Originally,  all  the  Paris  railway  terminals  were  in  the  faubourgs, 
oiitside  the  city  proper.  To-day  the  stations  of  the  Northern,  Eastern 
and  Western  railways  are  within  the  city,  but  it  is  because  the  city 
has  grown  in  these  directions.  Originally,  they  were  surrounded  by 
cultivated  land,  and  the  St.  Lazare  station,  now  in  the  very  center  of 
the  city,  was  in  quite  a  picturesque  quarter,  to  which  had  been  given 
the  name  "  Old  Poland." 


Fig.  5. 


*  These  exhibits  are  not  reproduced  herein,  but  are  on  file  in  the  Library. 
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Mr.  Briere,  Chief  Engineer  of  the  Work,  in  some  remarks  before  the 
French  Society  at  its  recent  Fiftieth  Anniversary,  stated  that  great 
cities  generally  grow  toward  the  north  and  west.  The  terminal  station 
of  the  Orleans  Railroad  was  in  the  east  and  sonth,  in  a  region  where 
the  population  has  not  developed.  It  was  obliged  to  ajjproach  the 
center,  and  was  encouraged  to  do  so  by  the  success  which  attended 
the  subway  extension  of  the  Chemin  de  FerSceaux  to  the  Luxembourg 
station.  The  old  terminal  station  of  this  line  had  3  000  000  passengers 
in  1894,  the  new  station  had  4  800  000  in  1896,  and  7  000  000  in  1897. 

The  difficulty  with  the  Orleans  extension  was  to  find  for  the  station 
a  place  which  should  have  about  30  000  sq.  m.  (322  900  sq.  ft.).  How- 
ever, a  suitable  location  was  found  by  purchasing  and  removing  the 
ruins  of  the  old  "  Cour  des  Comptes,"  which  had  been  a  caserne  or 
barracks.  At  the  side  of  it  was  another  State  building,  "  La  Casse 
des  Depots  et  Consignations,"  which  could  neither  be  moved  nor  dis- 
turbed. It  was  therefore  necessary  to  go  under  it.  The  author  has, 
with  the  resident  engineers  in  charge,  examined  this  difficult  work,  by 
which  an  extensive  area  under  the  corner  of  this  building  is  being 
prepared  for  the  tracks  branching  out  into  the  subterranean  station. 

The  whole  line  is  about  4  km.  (2.48  miles)  in  length.  In  the  map 
of  Paris,  Plate  VI,  this  extension  is  shown  by  a  heavy  dotted  line.  The 
map  of  the  Exposition,  (Fig.  1),  shows  on  the  margin  the  location  of 
the  terminal  station,  which  is  about  as  far  from  the  Gare  des  Invalides 
as  the  Opera  House  is  from  the  Madeleine. 

The  extension  traverses  the  present  terminal  station.  The  grades 
to  reach  the  subway  are  very  light.  For  the  entire  distance  the  ex- 
tension is  along  and  adjacent  to  the  quay  walls  of  the  Seine,  directly 
under  the  quay  streets  and  very  near  to  the  surface  of  these  streets, 
often  not  more  than  18  ins.  below  them. 

Generally,  the  municipal  government  has  prohibited  open  cut- 
tings in  the  streets  and  covering  them  afterward  with  metallic  floors 
on  columns.  Therefore,  tunneling  is  required,  and  this  is  being  done 
by  means  of  a  hydraulic  shield.  It  is  noticeable,  however,  that  in 
several  places  the  pavement  was  disturbed  to  such  an  extent  that, 
while  work  underneath  was  going  on,  it  was  necessary  to  guard  the 
areas  with  ropes  to  keep  off  vehicular  traffic,  and  that  the  surface  had 
to  be  raised  and  repaired.     Two  tyjjical  sections  are  shown  in  Fig.  6. 

The  rails  are  laid  at  about  the  ordinary  level  of  the  water  of  the 
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Seine.  In  floods  tlie  water  rises  nearly  to  the  level  of  the  top  of  the 
subway,  sometimes  5  m.  (16.4  ft.)  above  the  ordinary  level.  As  there 
is'a  comparatively  thin  wall  between  the  subway  and  the  river,  it  is 
necessary  to  make  a  tight  dam  of  this  wall,  and  also,  generally,  to  lay 
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Fig.  6. 


a  very  thick  invert  of  beton  to  resist  the  upward  pressure  and  the 
percolation  in  times  of  flood.  Probably  it  will  be  necessary  to  install 
pumping  plants  for  these  occasions. 

At  one  point,  where  new  quays  for  river  passengers  and  merchan- 
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dise  had  to  be  provided,  the  work  was  done  in  open  trench  for  about 
650  m.  (2  132  ft.).  Of  this  work,  approximately  b5%  has  a  masonry 
arch,  31%'  has  a  metallic  floor,  and  14/o  is  in  open  trench.  (These 
proportions  are  somewhat  in  doubt.)  In  the  open-trench  work  the 
Avidth  of  the  cross-section  is  9  m.  (29.5  ft.),  8  m.  (26.24  ft.)  being  for 
the  tracks  and  1  m.  (3.28  ft.)  for  the  employees.  At  the  junction  with 
the  Sceaux  Railroad,  which  had  to  be  provided  for,  there  are  four 
tracks,  in  two  tunnels,  each  8  m.  wide.  Elsewhere  there  are  two 
tracks.  The  two  tunnels  communicate  with  each  other  by  wide  bays. 
For  aeration,  and  also  for  light,  the  walls  of  the  Seine  are  pierced 
above  the  flood  level. 

There  will  be  one  intermediate  station  between  the  present  terminal 
and  the  new  station  at  the  Quai  d'Orsay.  It  will  connect  with  the 
banlieue  line  (ceinture),  and  will  be  about  11  m.  (36.09  ft.)  wide. 

In  the  new  terminal  station,  Plate  "VT^II,  there  will  be  fifteen  tracks, 
common  to  arrivals  and  departures.  The  shortest  platform  is  240  m. 
(787.4  ft.)  long,  and  is  at  the  level  of  the  platforms  of  the  cars,  88  cm. 
(34.64  ins.)  above  the  rails.  The  baggage  ynll  be  handled  on  seijarate 
platforms,  which  are  3.50  m.  (11.48  ft.)  wide,  with  elevators  for  lifting 
or  lowering  the  baggage.  The  tracks  at  the  further  end  of  the  station 
are  all  connected  by  turn-tables,  6.20  m.  (20.33  ft.)  in  diameter.  The 
length  of  the  ground  floor  for  passengers  is  200  m.  (656  ft. ).  All  the  de- 
parture service  is  done  on  the  Quai  d'Orsay,  the  arrival  service  on  the 
Place  Belle-Chasse.  It  is  impossible  to  i^rovide  a  court  for  departures, 
but  a  widening  of  the  space  is  made.  The  arriving  passengers,  on 
ascending  to  the  ground  floor  from  the  level  of  the  platforms,  will  find 
a  carriage  court  100  m.  (328  ft.)  long  and  50  m.  (164  ft.)  wide,  where 
the  carriages  are  stationed. 

Over  the  station  there  is  to  be  a  hotel  of  considerable  proportions. 
It  will  have  a  dining  room  of  420  sq.  m.  (4  519.2  sq.  ft.),  a  salon  300  sq. 
m.  (3  229  sq.  ft.),  galleries  of  150  sq.  m.  (1  614  sq.  ft),  a  grande  salle 
des  fetes  of  450  sq.  m.  (4  842  sq.  ft.),  and  275  chambers.  The  entire 
structure  is  carried  on  metallic  sujjports.  It  was  necessary  to  divert 
a  great  many  sewer,  water  and  gas  jDipes,  etc.  One  intercepting  sewer, 
about  4  m.  (13  ft. )  in  diameter,  that  passed  directly  through  the  new 
station  ground,  had  to  be  diverted,  at  a  cost  of  5  000  000  francs 
($1  000  000).  This  sewer  received  all  the  water  of  the  left  bank  and 
conducted  it  to  the  siphon  of  the  Place  de  la  Concorde,  under  the  Seine. 
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The  traction  will  be  electric.  The  engineers  and  experts  visited 
the  United  States  and  made  special  examinations  of  the  electric  tunnel 
line  in  Baltimore.  They  returned  with  the  conviction  that  it  would 
be  possible,  easy  and  economical  to  make  an  aj^plication  of  electric 
traction  with  a  full-sized  train,  such  as  run  from  Paris  to  Bordeaux, 
and  on  the  Circular  Line  of  Paris. 

They  are,  however,  still  studying  the  question,  but  everything  now 
favors  the  use  of  separate  special  electric  motors,  changing  from  the 
steam  locomotive  at  the  Quai  d'Austerlitz,  the  present  terminal  for 
the  extension  to  the  Quai  d'Orsay. 

The  cost  of  the  entire  work  will  be  about  40  000  000  francs 
($8  000  000),  or  10  000  000  francs  per  kilometer.  The  expenses  are 
divided  about  as  follows: 

Personnel 1  000  000  francs.       $200  000 


Land 13  000  000 

Disturbance  of  streets,  etc 1  000  000 

Sewers 5  000  000 

Water  and  other  conduits 500  000 

Principal  construction 10  500  000 

Tracks  and  ballast 1  000  000 

Buildings 8  000  000 


2  600  000 
200  000 

1  000  000 
100  000 

2  100  000 
200  000 

1  600  000 


Total 40  000  000  francs.    $8  000  000 

The  work  will  no  doubt  be  completed  before  the  opening  of  the 
Exposition. 

The  Extension  of  the  Westekn  Rallkoad  to  the  Exposition. 

The  route  of  this  improvement  and  extension  is  shown  on  the  map 
of  Paris  (Plate  VI).  The  terminal  at  the  Champs  de  Mars  is  shown  on 
the  map  of  the  Exposition  (Fig.  1). 

From  the  St.  Lazare  Station  to  Station  Courcelles,  which  is  a  junc- 
tion station  of  the  belt  line,  there  are  four  tracks;  from  this  station 
only  two. 

The  great  additional  traffic  of  the  Exposition  has  made  it  necessary 
to  place  two  more  tracks  from  Station  Courcelles  to  the  point  in  Passy, 
where  the  new  line,  also  a  double-track  line,  is  to  leave  the  main  line 
for  the  Exposition.     Some  features  of  this  four-track  work  are  quite 
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ENCORBELLEMENTS  EN  BETON  ARME 
SYSTEME  HENNEBIQUE 


Coupe  -transversale  enire  deux  Consoles 


Coupe  sur  I'axe  de  la  Console 


ENCORBELLEMENT  DE  1.  40  DE  SAlLLIE 

Plan  Suivant  coupe,  a-6-c-d 
M3_T 4 1^92- 


ENCORBELLEMENT  DE  1.90  DE  SAlLLIE 


Coupe  transversale  entre  deux  Consoles 


Coupe  sur  I'axe  de  la  Console 
1.53- 


FiG.  7. 


r 
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difficult,  requiring  veritable  tunnels  under  such  avenues  as  the  Bois 
de  Boulogne  and  Grande  Armee.  It  should  be  understood  that  the 
entire  line  from  the  St.  Lazare  Station  is  depressed.  Hitherto,  from 
Courcelles  to  Passy,  there  was  a  simjjle  excavation,  with  the  usual 
earth  slopes  and  with  a  railing  on  the  edge,  as  the  line  runs  through 
an  avenue. 

To  accomplish  the  widening  it  was  necessary  to  build  nearly 
vertical  retaining  walls.  As  this  work  infringed  on  the  sidewalks  in 
some  localities,  particularly  at  Station  Courcelles,  the  jalan  of  project- 
ing sidewalks  has  been  adopted.  The  peculiar  method  used  is  illus- 
trated in  Fig.  7.  On  buildings,  such  work  had  previously  been  done  by 
architects,  but  it  is  believed  by  the  railway  engineers  that  this  is  the 
first  instance  of  its  use  on  railway  work.  It  is  simply  a  concrete  side- 
walk of  varying  width,  resting  on  concrete  brackets  of  ornamental 
shape  anchored  into  the  retaining  wall  by  round  rods  extending  from 
the  front  of  the  bracket  through  it  to  take  hold  of  similar  rods,  which 
are  imbedded  in  the  wall,  and  run  lengthwise  with  the  sidewalk. 
Strai)-rron  is  also  used  to  connect  the  upper  and  lower  rods  of  the 
brackets.  The  maximum  overhang  to  the  line  of  the  railing,  or  fence, 
is  1.90  m.  (6.22.  ft.) 

The  city  authorities  require  very  severe  tests  to  establish  the  abso- 
lute safety  of  the  sidewalk.  A  heavy  weight  is  dropped  several  feet 
and  several  times  ui3on  the  outer  part  of  the  greatest  overhang.  No 
starting  of  the  work  has  yet  been  noticed  under  these  tests. 

At  the  point  of  departure  of  the  Champs  de  Mars  Line  the  main  line 
is  in  a  very  deej)  excavation.  In  order  to  avoid  a  level  crossing,  the 
right-hand  track  of  the  extension  is  carried  under  the  tracks  of  the  main 
line.  This  requires  deep  tunneling,  and  both  lines,  after  they  come 
together  from  the  single  tunnels  and  enter  the  double-track  tunnel,  are 
still  carried  deep  under  the  surface  of  the  ground  to  near  the  Seine. 

It  will  be  seen  from  the  plan  and  profile,*  that  the  line,  after  coming 
into  the  ojaen,  curves  to  the  left  in  crossing  the  river.  The  trusses  of 
the  bridges  and  viaducts  are  quite  well  shown  on  the  jirofile;  the 
longest  span,  that  over  the  navigable  way,  is  quite  artistic.  All  the 
work  is  well  advanced  and  there  ai^i^ears  to  be  no  good  reason  why  it 
will  not  all  be  ready  for  traffic  before  the  opening  of  the  Exposition. 
At  the  Champs  de  Mars  station  it  was  necessary  to  buy  considerable 
*  These  exhibits  are  not  reproduced  herein,  but  are  on  file  in  the  Library. 
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property  and  demolish  quite  a  ntimber  of  houses  to  obtain  the  room  re- 
quired. After  the  Exposition,  this  station,  with  its  numerous  tracks, 
will  be  used  for  a  general  freight  yard,  and  it  may  possibly  become  the 
terminus  of  a  line  from  this  point  to  Versailles,  i^roj^osed  by  the  com- 
pany. The  cost  of  the  work  being  done  by  the  Western  Kailroad  will 
be  about  25  000  000  francs  ($5  000  000). 

The  Platefoeme   MoBtLE   (Movable   Sidewalk)   and  Electeic 

Eailkoad. 

It  was  not  the  original  intention  to  make  the  entire  circuit  of  the 
grounds,  but  by  examining  the  sketch  of  the  grounds,  Fig.  1,  and  the 
small  diagram  of  the  movable  sidewalk,  Fig.  8,  it  will  be  seen  that 


Fig.  8. 


the  later  i^lans  require  an  entire  circuit.  The  following  is  a  transla- 
tion of  extracts,  nearly  entii'e,  of  three  articles  in  Le  Genie  Civil,  and 
the  illustrations  are  taken  from  these  articles. 

These  descriijtions  give  the  entire  matter  so  fully  that  it  is  unneces- 
sary to  dwell  upon  the  subject. 

The  author  has  obtained  from  the  office  of  the  President  of  the 
company  organized  to  exploit  the  "plateforme  mobile,"  the  information 
that  the  whole  matter  is  in  an  experimental  condition;  a  short  section 
of  300  m.  (984  ft.)  is  now  being  installed  for  trial  at  St.  Ourc,  just 
outside  of  Paris.  A  demonstration  of  the  practicability,  safety  and 
convenience  of  the  i^lan  is  required  by  the  Exi^osition  authorities,  by 
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the  terms  of  the  concession  given  to  the  Engineer,  M.  cle  Mocomble  and 
his  associates.  It  will  appear  from  an  examination  of  the  plans  that 
they  differ  essentially  from  those  of  the  Chicago  movable  sidewalk, 
which  is  so  well  known  that  a  description  here  is  unnecessary. 
Whether  the  defects  attributed  to  it  by  the  Paris  engineers  are  real 
or  important  will  not  be  discussed,  and  whether  the  new  plans  to 
remedy  them  may  not  possess  defects  as  serious  will  be  demonstrated 
by  the  experiments,  or  at  least  by  the  actual  transportation  at  the 
Exposition. 

^'Project  for  a  Movhu/  Electrical  Sidewalk  for  the  Transportation  of 
Passengers  in  the  Interior  of  the  Exposition. — It  was  not  until  1893  that 
there  existed  a  practical  test  of  the  above  idea.      This  was  the  in- 


iiii    J'  "'      m^.,      W     ,|liii   I 


OH-j 1-144 


Fig.  9. 

stallation  by  two  American  Engineers,  Messrs.  Silsbee  and  Schmidt, 
of  the  first  movable  sidewalk  at  the  Chicago  Exposition.  This  side- 
walk had  two  rates  of  speed;  that  is  to  say,  it  consisted  of  two  parts, 
one  moving  at  a  speed  of  5  km.  (3. 1  miles)  j^er  hour,  and  the  other  at 
a  speed  of  10  km.  (6.2  miles)  per  hour.  It  is  certain  that  in  this  sys- 
tem it  would  not  be  more  difficult  to  go  from  the  first  jjlatform  to  the 
second  than  it  would  to  go  from  the  stationary  sidewalk  to  the  plat- 
form moving  at  the  rate  of  5  km.  an  hour.  The  method  employed  to 
obtain  two  different  rates  of  speed  consisted  in  placing  the  second 
platform  upon  the  rims  of  the  wheels  of  the  first  jjlatform  by  means 
of  flexible  rails.  Thus,  by  the  same  movement,  two  rates  of  speed 
were  obtained,  of  which  one  was  double  the  other  (Fig.  9). 
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"This  system  served  very  well  at  the  Chicago  Exposition  in  1893, 
and  at  that  of  Berlin  in  1896,  which  may  be  considered  the  time  of  its 
real  practical  demonstration. 

"  Moiuible  Sideiralk  of  3Iess7's.  Blot,  Guyeiiet  and  Mocomble. — In  spite 
of  the  good  results  that  it  has  given,  the  movable  sidewalk  of  Messrs. 
Silsbee  and  Schmidt  presents,  from  a  technical  point  of  view,  certain 
defects  which  have  attracted  the  attention  of  Messrs.  Blot,  Guyenet  and 
Mocomble,  construction  engineers  of  Paris.  One  principal  defect  con- 
sists in  having  all  its  machinery  in  motion,  which  makes  the  care  very 
diflQcult  and  does  not  permit  repairs  unless  the  entire  machinery  is 
stoi:)ped.  Another  objection  is  that  the  moving  rails  supporting  the 
second  platform  constitute,  together  with  the  axles  and  the  machinery, 
a  dead  weight  put  in  motion  uselessly,  and,  the  system  not  riding 
easily,  the  movement  lacks  smoothness.  Finally,  as  there  is  only  one 
moving  truck  in  thirty-six,  the  moving  carriage  must  be  ballasted  to 
aid  the  adhesion,  and  thus  the  system  does  not  in  reality  have  its  load 


Fig.  10. 


uniformly  distributed,  but  is  a  system  of  traction  by  locomotives  placed 
at  intervals  in  a  series  of  cars  forming  a  continuous  train. 

' '  In  the  moving  sidewalk  proposed  for  the  Exposition  of  1900, 
Messrs.  Blot,  Guyenet  and  Mocomble  are  endeavoring  to  remedy  the 
faults  enumerated  above,  and  we  shall  endeavor  to  describe  clearly  the 
solution  at  which  they  have  arrived. 

"  The  whole  of  the  i^rojected  installation  comprises: 

"  First..— A.  platform  at  a  higher  rate  of  speed  1.30  m.  (4.26  ft.)  wide 
rolling  on  a  track  with  a  gauge  of  0.90  m.  (3  ft.)  at  a  speed  of  2.70  m. 
(8.8.5  ft.)  a  second,  that  is  9.720  km.  (6  miles)  an  hour  (Figs.  10  and  11). 

''  Second.— A  platform  at  a  lower  rate  of  speed,  0.80  m.  (2.62  ft.) 
wide,  rolling  on  a  track  with  a  gauge  of  0.45  m.  (1.47  ft.),  at  a  speed  of 
half  that  of  the  first  (Fig.  10). 

"  Third.— A  stationary  sidewalk  0.90  m.  (3  ft.)  wide. 
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'■'Fourth. — A  metallic  structure  supporting  the  whole,  and  resting 
on  metallic  columns. 

''Fifth. — Stairs  for  the  ascent  and  descent  of  passengers. 

"Each  of  the  jjlatforms  is  composed  of  trucks  belonging  to  two 
distinct  types.  The  first  is  supported  by  four  independent  wheels, 
while  the  second  has  no  wheels,  and  rests  on  the  neighboring  trucks. 
The  floor  of  each  truck  rests  on  wooden  beams  carried  by  cross-pieces 
which  are  fastened  at  the  center  to  an  axial  girder,  which  is  the  core  of 
the  system.  These  cross-pieces  carry  at  their  extremities  the  wheels 
which  rest  on  an  iron  track  fastened  to  the  wooden  beams  carried  by 
the  metallic  cross-pieces,  which  are  bound  to  the  main  girders. 

"  The  axial  girder  rests,  every  6  m.  (19.6  ft.),  on  rollers,  sometimes 
moving  and  sometimes  for  support.  It  consists  of  plates  and  angle- 
bars,  with  a  steel  rail  in  the  form  of  an  inverted  T  (Fig.  11),  that  is 
to  say,  having  the  flange  at  the  bottom.  In  order  to  j^ermit  it  to  pass 
the  curves  this  girder  is  divided  into  sections  of  4  m.  (13.1  ft.)  joined 
together  by  hinges. 

"The  motion  is  produced  by  the  adhesion  of  the  axial  girder  on 
the  moving  rollers,  the  same  axle-tree  being  used  for  both  platforms. 
In  order  to  remedy  the  sagging  which  would  take  place  between  the 
rollers,  these  are  mounted  on  a  short  axle,  held  solidly  between  two 
bearings  as  close  together  as  possible  and  resting  on  an  elastic  frame. 
These  two  bearings  are  united  by  an  axle-tree  and  two  Cardan  joints, 
thus  allowing  for  every  vertical  displacement  of  the  rollers. 

"  The  moving  rollers  are  placed  39  m.  (127  ft.)  apart,  and  the  siap- 
porting  rollers  6  m.  (19.6  ft.)  apart.  The  motive  i^ower,  furnished  by 
an  electric  current,  being  thus  distributed  to  a  large  number  of 
points,  it  is  not  necessary  to  overcharge  to  induce  adhesion  at  the 
motive  points.  On  the  other  hand,  the  constructors  have  taken  all 
precautions,  so  that  the  movement  may  be  as  quiet  as  possible.  The 
wheels  of  the  trucks,  as  well  as  the  rollers,  are  covered  with  rubber, 
thus  deadening  the  shock  and  the  noise,  and  we  might  suggest  wheels 
of  compressed  paper  to  do  away  with  all  noise. 

"Iron  posts  1  m.  (3.28ft.)  in  height  have  been  fastened  to  the 
floor  of  the  trucks  of  the  first  platform  to  serve  as  a  support  to  inex- 
perienced travelers  in  passing  from  the  stationary  jjlatform  to  the 
moving  one.  In  going  from  this  latter  to  the  fastest  platform,  the 
backs  of  the  seats  will  be  of  assistance.  Every  200  m.  (656  ft.)  there 
are  stairways  for  the  ascent  and  descent  of  passengers. 

"  In  the  arrangements  everything  has  been  planned  to  insiire  a 
continuous  and  uninterrupted  movement.  To  this  end  the  wheels  of 
the  trucks,  the  moving  axles  and  the  axial  girders  have  been  calculated 
in  such  a  way  that  one  portion  might  be  missing  without  making  it 
necessary  to  stop,  or  that  the  neighboring  portions  should  suffer. 

"  The  moving  platforms  and  the  stationary  sidewalk  rest  on  main 
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girders,  braced  1.20  m.  (4  ft.)  apart,  and  supported  by  iron  open-work 
columns,  spaced  at  19.50  m.  (64  ft.)  from  axis  to  axis. 

"  Tliis  aerial  disposition  of  the  platforms  surely  presents  very  al- 
luring inducements,  for  it  permits  a  complete  tour  of  the  Exj)Osition 
and  furnishes  travelers  with  extremely  varied  panoramic  views. 

"  Unfortunately,  these  advantages  are  too  dearly  bought,  for  the 
aerial  platform  brings  with  it  serious  inconvenience.  Far  from  allow- 
ing passengers  to  get  on  at  all  points,  as  would  a  platform  on  the 
ground,  it  is  necessary  to  make  stations,  where  great  crowds  would 
collect,  and,  by  the  consequent  ascending  of  stairs,  it  deprives  pass- 
engers of  a  part  of  the  advantages  it  gives  them.  And  more,  and  this 
is  without  doubt  the  most  serious  difficulty,  this  aerial  platform,  al- 
though light  and  elegant  as  it  is  expected  to  be,  would  form  a  line 
cutting  all  perspectives.  It  is  to  be  feared  that  it  will  have  against  it 
the  oijinion  of  most  of  the  artists  called  to  give  their  advice,  and  who 
would  i^refer,  perhaps,  to  dejirive  visitors  of  a  very  commodious  and 
agreeable  method  of  transportation  rather  than  admit  a  construction 
callable  of  breaking  more  or  less  the  harmony  of  the  complete  whole 
which  they  purpose  creating. 

"This  said,  one  must  recognize  that  the  installation  presented  by 
Messrs.  Blot,  Guyenet  and  Mocomble  is  a  jDroject  carefully  studied 
and  perfectly  possible  of  realization,  at  least  from  a  technical  point 
of  view. 

"  The  i^rojected  course  (Fig.  8)  would  pass  by  the  Avenue  de  La 
Motte-Piquet,  I'Esplaaade  des  Invalides,  the  Quai  d'Orsay  and  Avenue 
de  Suflfren,  thus  forming  a  closed  circuit  of  about  4.200  km.  (2.6 
miles). 

"  The  originators  of  the  project,  such  as  has  been  described,  esti- 
mate that  this  platform  could  take  care  of  a  traffic  of  50  000  jjassengers 
im  hour,  allowing,  on  one  hand,  four  passengers  per  running  meter, 
which  would  give  at  first:  4  x  2.70  m.  x  3  600  =  38  880  places,  and, 
on  the  other  hand,  most  of  the  jiassengers,  in  place  of  going  the  whole 
course,  will  not  go  more  than  two  or  thi'ee  kilometers,  which  will  leave 
about  25%  of  disposable  places,  and  would  increase  the  number  of 

l^assengers  an  hour  to  38  880  x  -=^  ■=  51  840. 

"Even  when  these  figures  are  submitted  to  a  ijrojjortionate  reduc- 
tion, one  is  struck  with  the  great  capacity  for  traffic  that  such  an  in- 
stallation would  possess.  This  capacity  could  also  be  increased  in 
such  a  manner  as  might  be  deemed  necessary  by  a  simple  increase  in 
the  width  of  the  high-speed  i^latform,  the  other  parts  remaining  the 
same,  or  being  but  slightly  modified. 

"  Messrs.  Blot,  Guyenet  and  Mocomble  place  the  cost  at  about 
6  000  000  francs  ($1  200  000)  for  the  initial  setting  up  of  their  installa- 
tion.    They  add  to  this  sum  about  1  500  000  francs  ($300  000)  for  the 
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runniug  expense  during  the  Exposition,  and  for  the  interest  on  the  capi- 
tal, and  show  that,  with  these  conditions,  in  order  that  the  enterprise  be 
remunerative,  it  would  be  necessary  to  carry  only  15  400  000  passengers 
at  the  uniform  price  of  0.50  franc  (10  cents).  If  it  is  assumed  that 
the  diiration  of  the  Exposition  will  be  180  days,  that  would  make  a 
little  less  than  85  000  passengers  per  day.  The  Decauville  Railroad 
of  the  Exposition  of  1889,  whose  course  was  very  much  shorter,  and 
whose  traffic  capacity  was  much  more  limited,  carried  on  an  average 
33  640  passengers  a  day. 

"The  calculations  relative  to  the  exploitation  have  been  based 
upon  the  supposition  that  the  electric  current  will  be  furnished  by 
one  of  the  sectors  of  the  City  of  Paris  at  the  price  of  0.06  franc  (1.2 
cents)  per  hecto-watt-hour.  Also,  a  study  of  the  conditions  through 
which  the  j^latform  will  pass  has  led  the  constructors  to  admit  that, 
fully  charged,  the  resistance  to  the  movement  will  be  5  kgr.  (11  lbs.) 
per  runniug  meter,  so  that  the  whole  of  the  installation  will  require 

4  200  X  5 

— ^^—^^ =  280  H.-P.  measured  bv  the  moving  rollers.      Allowing 

7o  ^  o  o 

only  80^^  for  the  estimated  power  furnished  at  the  receivers  and  10% 
for  leakages  on  the  line,  the  necessary  force  at  the  jaower  station  would 
be  about  400  H.-P.,  reduced  to  170  H.-P.  for  the  unloaded  platform. 

"  It  should  also  be  remarked  that  the  starting  would  occasion  an 
extra  efltbrt  of  about  20%,  but  this  increase  of  labor  would  last  only 
a  few  seconds  a  day,  and  it  is  not  necessary  to  take  it  into  account  in 
the  calculations  relative  to  the  expenses  of  the  exploitation." 


"  This  i^roject,  undertaken  with  the  technical  collaboration  of  Mr. 
Henri  Marechal,  Engineer  of  the  Ponts  et  Ohaussees,  is  backed  by 
the  General  Traction  Company  and  the  International  Bank  of  Paris. 

"  It  comprises  a  single-track  electric  railroad,  having  a  gauge  of  1 
m.  (8.28  ft.),  and  an  electrical  platform  at  two  rates  of  speed  (Plate- 
forme  mobile). 

"  The  railroad  follows  in  design  the  stipulated  course,  but  some 
modifications  in  the  specifications  have  been  required,  namely,  that 
the  cross-roads,  Rapp-Bosquet,  be  passed  on  a  viaduct,  and  that  the 
carriages  be  3.15  m.  (10.1  ft.)  high  and  2.50  m.  (8.2  ft.)  wide. 

"  The  above  will  comprise  eight  trains  in  use  and  three  in  reserve, 
each  having  250  places.  Each  train  will  require  140  H.-P.  The  cur- 
rent will  be  distributed  the  entire  length  of  the  track  by  a  central 
rail. 

"  The  contractor  requests  that  the  power  station  producing  the 
electricity  be  i3laced  within  the  confines  of  the  Exposition. 
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"  The  platform,  which  will  make  the  circuit  in  an  opposite  direc- 
tion to  the  railroad,  is  the  Blot,  Guyenet  and  Mocomble  system, 
recently  described  in  Le  Genie  Civil  (as  above).  The  whole  comprises  a 
fixed  sidewalk,  a  first  lilatform  moving  at  the  rate  of  5  km.  (3.1  miles) 
an  hour,  and  a  second  moving  at  double  that  rate  of  speed. 

"  The  platform  would  be  continually  on  a  viaduct.  Parallel  or 
placed  above  the  railroad.  Avenue  de  la  Motte-Picquet,  Eue  Faber 
and  Quai  d'Orsay,  it  would  cross  the  Avenue  de  La  Bourdonnais,  and 
continuing,  on  this  Aveniie,  along  the  buildings  of  the  Exposition,  it 
would  be  at  the  level  of  the  second  floor. 

"  Independently  of  the  advantages  which  would  result  from  this 
course,  in  respect  to  the  enlargement  of  the  different  parts  of  the  Ex- 
position, the  contractor  places  the  combined  capacity  of  the  two  sys- 
tems at  50  000  or  60  000  passengers  per  hour.  He  says,  besides,  that 
the  platform  would  be  an  attraction  for  the  visitors  to  the  Exposition. 

"  The  tariff  agreed  upon  is:  Railroad,  one  and  only  class,  0.25  franc 
(5  cents);  platform,  one  and  only  class,  0.50  franc  (10  cents). 

"  The  rent  to  go  toward  the  receipts  of  the  Exposition  would  be  1 
centime  (0.2  cent)  per  f)erson  carried  by  the  railroad  or  by  the  platform. 

"  The  railroad  would  be  finished  at  the  date  fixed  by  the  specifica- 
tions, and  the  platform  on  March  1st,  1900." 


"The  Minister  of  Commerce  and  Industry  is  about  to  sign  a  con- 
cession for  an  electric  railroad  for  the  transportation  of  passengers  in 
the  interior  of  the  Exposition  of  1900.  Among  the  five  projects  which 
have  been  submitted  to  the  Commission  having  charge  of  the  transpor- 
tation department,  the  preference  has  been  given  to  that  of  Mr. 
Mocomble.  It  is  certainly  the  most  original,  and  it  also  has  the  great- 
est transportation  cai^acity. 

"We  will  sum  up  briefly  what  the  project,  which  has  been  worked 
up  with  the  technical  collaboration  of  Mr.  Marechal,  Engineer  of  the 
Ponts  et  Chaussees,  comprises:  First,  an  electric  railroad  taking  the 
current  from  a  lateral  rail,  and  moving  in  one  direction  on  a  course 
which  forms,  as  is  well  known,  a  closed  circuit;  and,  second,  a  mov- 
ing platform  at  two  rates  of  sjjeed,  and  moving  in  an  oijjjosite  direc- 
tion from  the  railroad. 

"  This  platform  will  carry  a  stationary  sidewalk  from  which  access 
can  be  had  to  the  first  platform,  moving  at  a  rate  of  5  km.  per 
hour;  from  this  one  can  pass  to  the  second  platform,  moving  at 
double  that  rate  of  speed. 

"  The  authors  of  the  project  attribute  to  the  two  combined 
methods  of  transportation  a  capacity  of  50  000  to  60  000  passengers 
per  hour. 
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"Conforming  to  one  of  the  articles  of  the  convention  approved  by 
the  Minister  of  Commerce,  a  joint  stock  company  will  be  formed  in 
place  of  the  holder  of  the  concession.  This  company  will  take  the 
name:  'Electrical  Transj^ortation  Company  of  the  Exijositiou,'  and 
must  proceed  within  six  months  with  a  trial  of  the  moving  sidewalk 
system  adopted,  on  a  closed  circuit  of  300  to  350  m.  (984  to  1  148  ft.)." 

The  Metkopolitan  Undekgbound  Electric  Railway. 

The  routes  of  this  railway,  under  its  rights  granted  by  the  Munici- 
pal Government  of  Paris,  are  shown  in  heavy  solid  lines  on  the  General 
Map  of  Paris  (Plate  VI).  Much  of  this  work  is  now  under  way.  It  is  not 
expected  that  the  entire  system  will  be  completed  before  the  oj)ening 
of  the  Exposition,  but  those  lines  leading  from  the  railway  stations  to 
the  Exposition,  and  connecting  the  stations,  will  no  doubt  be  ready 
for  operation  at  that  time.  The  whole  system  comprises  from  35  to 
40  miles. 

The  construction  requires  the  relocation  and  reconstruction  of 
sewers,  water  and  gas  pipes,  electric  conduits,  etc.  No  work  can  be 
done  in  open  cut;  all  must  be  in  tunnel.  This  makes  the  work  very 
expensive  and  very  slow.  The  work  is  not  genei'ally  very  deep  below 
the  street  surface.  The  material  is  good  for  excavation  and  handling, 
and  is  removed  as  fast  as  brought  u^d  from  the  shafts.  Much  of  the 
work  of  carting  it  away  is  done  at  night.  The  plans  generally  con- 
template two  single-track  tunnels  of  small  dimensions.  The  single- 
car  system  will  be  used,  and  the  traction  plan  will  be  by  trolley,  like 
the  Boston  subway.  There  is  no  connection  with  the  railways,  nor 
can  there  be  any.  The  gauge  is  intentionally  made  different,  and 
also  the  levels  and  other  features.  The  fear  that  the  railways  might 
at  some  time  get  authority  to  run  their  cars  into  the  city  led  the  City 
Government  to  take  steps  at  the  outset  to  i^revent  it. 

Paris  depends  largely  upon  its  octroi  duties  for  its  income.  Al- 
though its  debts  are  large,  its  wealth  in  property  is  immense,  and  is 
said  to  be  equal  to  that  of  some  of  the  smaller  kingdoms  of  the  con- 
tinent, like  that  of  Portugal  and  Denmark. 

The  convenience  of  the  people  is  a  lesser  consideration  than  the 
financial  interests  of  the  city.  It  is  one  of  the  princii^les  of  the  Paris 
Government  to  keep  the  people  within  the  area  of  the  city  proper. 
The  octroi  plan  accomplishes  this  purpose ;  consequently,  the  districts 
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outside  of  tlie  old  line  of  fortifications  do  not  build  up  to  any  great 
extent  and  there  is,  therefore,  no  great  suburban  business  upon  the 
railroads. 

The  details  of  the  Metropolitan  Railway  jilans  have  not  been  re- 
ceived by  the  author  in  time  for  this  paper. 

The  Enlargement   of   the   Gare  de   Lyons,  of  the   Paris,  Lyons 
AND  Mediterranean  Railway. 

The  station  is  now  being  entirely  remodeled  at  very  great  expense, 
said  to  reach  $8  000  000.  The  new  train-shed  is  completed,  the  work 
having  been  begun  about  two  years  ago.  The  plans  for  the  main 
structure  have  just  been  approved,  and  work  ui^on  it  will  soon  be  begun. 
It  will  be  very  extensive  and  will  be,  when  completed,  the  finest  and 
most  commodious  station  in  Paris. 
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Exhibits. 

The  following  exhibits  accompanied  the  description  of  the  ap- 
proaches and  transjjortation  facilities  of  the  Paris  Exposition  of  1900, 
and  are  filed  in  the  Library  of  the  Society. 

Exhibit  A,      — Plan  General.     Exi^osition  Universelle  de  1900. 

"        B.      — Vue  d'Ensemble  de  I'Exposition  de  1900.     (Eeproduced 

as  Plate  V.) 
"         C.      — Plan  de  I'Exposition  Universelle  de  1900.  (Eeproduced 

as  Fig.  1.) 
"        D.      — Outline  Plan  of  Paris.     (Eeproduced  as  Plate  VI.) 
"        E.      — Elevation  et  Coupe  Transversale  du  Pont  Axexandre 

ni.     (Eeproduced  as  Plate  Vn.) 
"        F.      — Two  Pamphlets,  "  Notes  sur  la  Construction  du  Pont 
Alexandre  III,"  par  M.  M.  Eesal  et  Alby.    Nos.  6, 
27  and  39  of  the  Annates  des  Fonts  et  Ghauseees.   In- 
cluding 11  plates,  of  which  two  are  reproduced  as 
Figs.  2  and  3. 
F,  1. — Ancien  Pont  Suspendu  des  Invalides. 
F,  2. — Construction  du  Pont  Alexandre  III.     Elevation  and 

sections. 
F,  3. — Plan  du  Pont  Alexandre  III  (reproduced  as  Fig.  4). 
F,  4. — Details  des  Caissons  et  des  fichafaudages  pour  la  Con- 
struction des  Culees. 

F,  5. — Vue  de  la  Caisson  de  laEiveDroitealafin  du  Montage. 
F,  6. — Montage  du  Caisson  de  la  Eive  Droite. 
F,  7. — Graphiques  de  la  Descent  des  Caissons. 
F,  8. — Details  of  Masonry  Abutments. 

F,  9. — Fagade  Laterale  de  la  Culee. 

G,  1. — Prolongement  de  la  Ligne  d'Orleans  au  Quai  d'Orsay. 
Plan  General. 

G,  2. — Profil  en  Long. 

G,  3. — Profils  en  Travers  Principaux. 

G,  4. — Gare  du  Quai  d'Orsay.     (Eeproduced  as  Fig.  6.) 

G,  5. — Gare   du   Quai  d'Orsay.     Plan   au  niveau   du  rez-de- 

chaussee. 

G,  6. — Gare  du  Quai  d'Orsay.     Plan  au  niveau  des  voies.     (Ee- 
produced as  Plate  VIII. ) 

H,  1. — Chemin  de  Fer  de  I'Ouest,  Ligne  de  Courcelles-Centure 
a  Passy,  et  au  Champ  de  Mars.     Plan  general. 

H,  2. — Profil  en  long. 

H,  3. — Encorbellments  en  beton  arme,  Systeme  Hennebique. 

(Eeprodixced  as  Fig.  7. ) 
I.       —Pamphlet,  "  Notice  sur  la  Construction  du  Pont  Mira- 

beau.     With  two  photographs. 
J.      — "Le  Prolongement  de  la  Ligne  de  Sceaux  vers  I'in- 
terieur  de  Paris. "     Par  A.  Briere  et  Henri  de  la 
Brosse.     Paris,  1895.     Vol.  1,  Text;  Vol.  2,  Plates. 
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WITH  DISCUSSION. 


By  the  misguided  suffrage  of  his  fellow  citizens,  the  author  hap- 
pens to  be  a  Trustee  of  Water-Works  of  Wyoming,  one  of  the  suburbs 
of  Cincinnati,  and  among  other  tasks  which  have  fallen  to  him  in 
this  capacity  has  been  an  examination  of  water  meters  adapted  for 
use  in  a  small  water-works. 

The   primary   question   to  be  discussed  was  the  relative  value  of 
high  and  low-priced  meters  for  water  measurement  in  domestic  ser- 
vice pipes;  next,  the  precision  of  registry  of  the  different  kinds  and 
makes  of  meters,  with  widely  varying  rates  of  delivery;  and,  finally, 
the  loss  of  pressure  by  j^assing  different  quantities  of  water  through  the 
meters  in  a  given  length  of  time.     The  unit  of  time  has  been  taken  at 
one  hour,  and  the  delivery  of  the  meter  is  stated  in  gallons. 
Seventeen  different  meters  were  examined,  as  follows: 
The  Worthington  meter,  from  Henry  R.  Worthington,  New  York  City" 
The  Union  Rotary  and  Columbia  meters,  from  The  Union  Water 
Meter  Company,  Worcester,  Mass. 
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The  Crown,  Empire  and  Nasla  meters,  from  tlie  National  Meter 
Company,  New  York  City. 

The  Hersey  and  Hersey  Disc  meters,  from  the  Hersey  Manufactur- 
ing Company,  Boston,  Mass. 

The  Lambert  (Bee)  meter,  from  The  Thomson  Meter  Company, 
Brooklyn,  N.  Y. 

The  Trident  Disc  meter,  of  which  several  were  purchased  by  the 
Village  Water-Works,  1896. 

The  Niagara  meter,  from  The  Buffalo  Meter  Company,  Buffalo,  N.  Y. 

The  Pittsburg  Disc  meter  (two  styles),  from  the  Pittsburg  Meter 
Company,  East  Pittsburg,  Pa. 

The  Standard  Disc  meter,  from  The  Standard  Meter  Company, 
New  Y'ork  City. 

Of  this  list,  the  Worthington,  Union  Eotary,  Crown,  Empire  and 
Hersey  are  so-called  i^iston  meters;  the  Nash,  Hersey  Disc,  Lam- 
bert, Trident,  Niagara,  Pittsburg  and  Standard  are  disc  meters,  and 
the  Columbia  a  velocity  or  inferential  meter. 

While  the  original  object  of  this  investigation  was  information  for 
the  guidance  of  the  trustees  of  the  village  water- works  in  the  selection 
of  meters  for  local  use,  it  has  occurred  to  the  author  that  the  data 
may  be  of  interest  to  others  connected  with  the  management  of  public 
water-works.  Incidentally,  it  may  be  of  some  interest  to  the  manu- 
facturers of  meters,  and  may  jjossibly  lead  to  the  correction  of  defects 
which  were  manifested  in  some  of  the  meters  when  tested  on  small 
streams. 

The  tests  were  made  under  the  ordinary  conditions  of  service  to  a 
residence,  the  |-in.  service  pipe  being  connected  with  the  meters 
singly,  and  no  flow  through  the  jDipe  for  domestic  uses  being  per- 
mitted while  a  meter  was  under  test. 

The  static  j^ressure  on  the  service  pipe  varied  from  85  to  106 
lbs.,  the  main  in  the  street  in  front  of  the  building  where  the  tests 
were  condiicted  serving  as  a  rising  main  to  the  reservoir  during  the 
day  when  the  iJiimjis  were  running,  and  as  a  supply  main  from  the 
reservoir  at  night  when  the  pumps  were  stojjped,  the  pressure  thus 
being  highest  during  the  day. 

The  distance  from  the  10-in.  cast-iron  main  to  the  meter,  measured 
along  the  |-in.  iron  supply  pipe,  was  about  107  ft.,  and  there  were 
five  |-in.  bends.     The  supply  was  taken  through  an  ordinary  galvan- 
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ized  iron  pipe  measuring  yf  in.,  internal  diameter,  with  gas-pipe  fit- 
tings. No  effort  was  made  to  accommodate  the  meters  in  the  arrange- 
ment of  the  pipe,  the  condition  desired  being  as  nearly  as  jDossible  like 
that  of  a  meter  placed  in  the  line  of  a  domestic  service  pipe.  The 
varying  rates  of  discharge  were  obtained  by  placing  in  the  short  piece 
of  |-in.  pipe  attached  to  the  outlet  connection  of  the  meter,  brass 
discs,  0.0265  in.  thick,  with  central  jjerf orations  ranging  from  h  in.  to 
•^  in.  diameter.  The  discs  were  held  against  a  thin  rubber  gasket  in  a 
brass  union  recessed  as  shown  in  Fig.  1.  The  flow  of  water  to  the 
meter  was  controlled  by  a  lever  stojD-cock  in  the  supply  pipe  belo-v^T 
the  pressure-gauge.  During  each  test  the  stop-cock  was  set  at  full 
opening,  and  the  flow  of  water  through  the  meter  controlled  en- 
tirely by  the  standard  orifice  in  the  discharge  pipe.  Before  any  test 
was  started,  the  meter  was  run  for  some  time  at  full  opening  to  work 


h  PIPE  TO  PRESSURE  GAUGE 


BRASS  UNION 


lis 


in 


KwM.v^A'/-^ 


fi  GAS  PIPE 


?i  GAS  PIPE  ^__jjL^^^  CONNECTION 


ij  BRASS  METEff 


STANDARD  DISCS  H  ToVsi  INCH  H"jO  h'kO. 

DISCHARGE  PIPE  AND  STANDARD  ORIFICE. 
Fig.  1. 


out  the  air.  The  Worthington  was  the  only  meter  provided  with 
means  for  blowing  the  air  out  of  the  cylinders  when  it  is  started. 

The  api^aratus  used  for  the  measurement  of  the  discharge  and  the 
indication  of  the  pressures  in  the  inlet  and  outlet  jiipesof  the  meter  is 
shown  in  Fig.  2.  The  cask  on  the  platform  scale  had  a  capacity  of  7 
cu.  ft.,  and  the  scale  beam  was  graduated  to  half  pounds.  By  hang- 
ing the  sliding  jjoise  on  the  saw  teeth  of  the  beam,  weights  to  quarter 
pounds  could  be  noted. 

The  results  of  the  tests  of  the  meters  at  different  rates  of  delivery 
are  given  in  Table  No.  1,  first,  for  each  of  the  piston  meters;  next,  for 
the  disc  meters,  and,  finally,  for  the  velocity  or  inferential  meter. 
In  all  cases  the  meter  was  brought  to  the  zero  point  of  the  1-cu.  ft. 
dial,  the  tare  of  the  measuring  cask  taken,  and  from  1  to  6  cu.  ft.  of 
water  drawn  through  the  meter  and   causrht  in   the  cask.     The  net 
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contents  of  the  cask  were  reduced  to  cubic  feet  for  observed  tempera- 
ture of  water,  and  the  discharge,  as  noted  by  tank  measurement,  di- 
vided by  the  difference  of  meter  reading,  L  e.,  by  the  discharge  as  in- 
dicated by  the  meter. 

TABLE    No.  1. 

Piston   Meters. 

Resume  of  Test  of  |-In.  Wokthington  Metee,  No.  100  020.    October 
20th  and  21st,  1898. 
Order  of  Test,  Id. 


Number 
of 

tests. 

Diameter 

of 

orifice, 

in  inches. 

Pressure 
on  supply 

pipe, 
in  pounds. 

Discharge, 
in  gallons 
per  hour. 

Cubic  feet, 

by 

meter. 

3 

* 

} 

TS 
152 

39.66 
65.00 
92.47 
98. 3S 

87.77 

838.27 

531.30 

172.25 

45.34 

10.83 

5.000 

3 

5.000 

4 

3.000 

6 

2.016 

3 

1.000 

Cubic  feet, 

by 

tank. 


5.0443 
5.0.M3 
3.9655 
3.0020 
0.9064 


Ratio  of 
tank  to 
meter. 


1.0089 
1.0089 
0.9885 
0.9933 
0.9064 


Temper- 
ature of 
water, 
degrees. 


Eesumb  of  Test  of  |-In.  Crown  Meter,  No.  187  595.     October  7th 

AND  10th,  1898. 


4. 

On 

ier  of  Test,  9. 

h                 33.75 
-J                 69.66 
I                  93.95 
tV                99.76 
,',                93.63 

872.85 

546.31 

172.68 

45.66 

11.18 

5.000 
4.333 
3.000 
3.000 
1.000 

5.2829 
4.5025 
3.1807 
3.2302 
1.1044 

1.0566 
1 .0393 
1.0603 
1.0767 
1.1044 

56 

3 

58 

2 

60 

3 

60 

3 

61 

Resume  of  Test  of  ^-In.  Hersey  Meter,  No.  57  617.     October  10th, 


Order  of  Test,  10. 


1898. 


3 

i 

s 

31.33 
68.66 
93.81 

913.53              5.000            5.1889 
559.95               5.000             5.1701 
173  .58               3.000             3.9841 

1.0378 
1.0340 
0.9947 

56 

3 

56 

4 

60 

Meter  refused  to  work  with  this  orifice. 

Resume  of  Test  of  |-In.  Empire  Meter,  No.  191  159.     October  1st 

AND  3d,  1898. 


6... 

On 



ler  of  Te 

St,     1. 

23.33 

746.60 

503.90 

167.44 

43.07 

10.59 

6.017 
5.750 
4.800 
2.800 
1.333 

6.0.523 
5.7665 
4.7902 
2.7845 
1.3460 

1.0058 
1.0028 
0.9977 
0.9943 
1.0087 

64 

4 

f 

5 
5^5 

58.50 

87.38 
88.95 
83.90 

65 

5 

64 

5 

69 

3 

68 

Resume  of  Test  of 


-In.  Union  Rotary  Meter,  No.  67  225. 
ber  18th,  1898. 


OCTO- 


3... 

Order  of  Ti 

1         4 

si,  13. 

20.00 

940.94 

581.90 

178.06 

46.23 

10.88 

5.000 
5.000 
3.000 
3.000 
1.000 

4.9836 
4.9703 
2.9355 
1.9679 
1.1953 

0.9967 
0.9942 
0.97»6 
0.9840 
1.1953 

58 

3 1      i 

71.00 
98.70 
102.29 

88.72 

58 

H 

1         T 

59 

3 

":;::'    \ 

59 

4... 

I? 

61 

1        '' 
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TABLE  No.  1— {Continued). 
Disc  Meteks. 
Eesxjme  of  Test  of  |-In.  Nash  Meter,  No.  191  160.     October  3d,  1898. 
Order  of  Test,  2. 


No. 

of 

tests. 

Diameter 

of 
orifice, 
in  inches. 

Pressure 
on  supply 
.    pipe, 
in  pounds. 

Discharge, 
in  gallons 
per  hour. 

Cubic  feet, 

by 

meter. 

Cubic  feet , 

by 

tank. 

Ratio 

of  tank  to 

meter. 

Temper- 
ature of 
water, 
degrees. 

3 

B 
3V 

22.83 
70.00 

92.78 
9.5.92 
94.80 

933.14 

573.79 

172.70 

44.77 

11.24 

5.333 

5.000 
4.000 
3.000 
1.667 

5.3603 
5.0000 
4.0300 
3.0191 
1.6690 

1.0050 
1.0000 
1.0076 
1.0063 
1.0004 

57 

3 

58 

3 

60 

3 

61 

3 

64 

Resume  of  Test  of  f-lN.   Hersey  Meter,  No.  68  629.    October  4:TH 

AND  5th,  1898. 
Order  of  Test,  4. 


3 

h 
i 

33.33 

74.00 

868.87 
556.68 

5.000 
5.000 

5.0472             1.0094       ,        .57 

2 

5.(n26 

1.0025 

57 

5 1 

92.43 

172.11 

3.000 

2.9614 

0.9871 

59 

3 T-s 

94.71 

44.50 

3.000 

2.9800 

0.9933 

65 

2 ^                 90.22 

10.98 

2.000 

1.9943            0.9972 

65 

Eesume  of  Test  of  |-In 

.  Trident  Meter, 
1898. 

No.  23  178.     October  6th, 

Order  of  Test,  5. 

3 

i                 25.00 

926.78      1        5.000 

5.0019            LOOM 

57 

3 

i                 66.67 

556.23 

5.000 

4.9857             0.9971 

57 

3 

^                 93.76 
T^g                95.09 

jij                87.52 

173.52 

44.57 
10.80 

3.000 
2.000 
1..S33 

2.9813            0.9938 
2.0055             1.0027 
1.3910             1.0446 

59 

3 

60 

8 

64 

Eesume 

OF  Test  of  f-lN.  ''. 

['redent  Meter,  No. 

23 179.    October  6th,  1898. 

Order  of  Test,  6. 

2 1        i 

23.00 

900.72              5.000 

5.0006             1.0001               57 

2 1        1 

89.10 

169.19               3.000 

3.0000             1.0000              59 

2 

■^ 

90.. 55 

10.99              1.000 

'.   Trident  Meter, 

1.2600            1.2600              65 

Eesume 

of  Test  of  f -I> 

No.  23  180.     October  6th 

AND  7th,  1898. 

Order  of  Test,  7. 

n 1        h         1        24.00 

873.18 

5.000 

5.0893 

1.0178              58 

.1 

i                 87.87 
^S                89.77 

OF  Test  of  |-In.  ' 

167.95 
10.95 

3.000 
1.000 

3.0403 
1.1633 

1  0134              60 

•> 

1.1633              60 

Eesume 

Irident  Meter,  No.  23  176.   October  7th,  1898. 

Ore 

ier  of  Te 

St,  8. 

3 

i 

24.67 
94.85 
90.41 

915.81 

174.50 

,      10.99 

5.000 
3.0(X) 
0.833 

5.0447 
3.0199 
1.8749 

1.0039 
1.0066 
2.2921 

57 

2 

59 

3 

62 
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TABLE  No.  l—{Coacludea). 
Eesume  of  Test  of  |-In.  Pittsburg  Metee,  No.  8  Oil. 

Order  of  Test,  3. 


October  3d 


AND  4th,  1898. 


Number 
of 

tests. 

Diameter 

of 

orifice, 

in  inches. 

Pressure 
on  supply 

pipe, 
in  pounds. 

Discharge, 
in  gallons 
per  hour. 

Cubic  feet, 

by 

meter. 

Cubic  feet, 

by 

tank. 

Ratio 

of  tank  to 

meter. 

Temp. 

of 

water, 

degrees. 

2 

\ 

4 
S 

23.00 
65.75 
96.04 
95.40 
93.09 

896.92 
548.74 
175.71 
44.65 
11.15 

5.000 
5.000 
3.000 
3.000 
1.667 

5.0293 
5.0333 
3.0244 
3.0768 
1.8779 

1.0060 
1.0067 
1.0081 
1.0255 
1.1200 

59 

2 

59 

o 

60 

2. 

62 

3 

64 

Eksume  of    Test   of  |-In.  Pittsburg   Meter,    No.   10  798.      October 


Order  of  Test,  11. 


10th  and  11th,  1898. 


20.00 
65.00 
90.63 
102.66 
94.32 


907.30 
557.06 
170.71 
46.31 
11.22 


5.000 
5.000 
3.000 
2.000 
1.000 


4.9863 
4.9649 
2.9520 
2.0351 
1.3278 


0.9973 
0.9930 
0.9842 
1.0170 
1.3278 


Kesume    of    Test   of   |-In.  Niagara  Meter,  No.  18  901.     October 


Order  of  Test,  12. 


17th,    1898. 


19.66 
64.00 
88.63 
90.34 
101.23 


894.93 

548.71 

168.95 

43.44 

11.62 


5.000 
5.000 
3.000 
2.000 
1.333 


4.9843 
4.9313 

2.9258 
1.9792 
1.6048 


0.9968 
0.9863 
0.9753 
0.9896 
1.2062 


Kesubie  of  Test  of  |-In.   Standard  Meter,  No October  2d, 


Order  of  Test,  16. 


1898. 


h. 


20.00 
69.66 
95.76 
99.70 


938.18 
571.70 
175.23 
45.65 


5.000 
5.000 
3.000 
2.000 


4.9120 
4.8973 
2.9459 
2.1535 


0.9824 
0.9795 
0.9820 
1.0768 


Meter  refused  to  work  with  this  orifice. 


Resume  of  Test  of 


Order  of  Test,  11. 


-In.  Lambert   Meter,  No.   121  795. 
24th,    1898. 


October 


24.50 

68.92 
93.15 

97.68 


911.27 

560.57 

173.03 

45.17 


5.000 
5.000 
3.000 
1.000 


5.0423 
5.0443 
3.0394 
1.2110 


1.0085 
1.0089 
1.0131 
1.2110 


Upon  next  test  with  T^g-in.  orifice  the  meter  stuck. 
The  gear-train  probably  binds  at  top  of  case. 

iNFERENTIAIi    MeTEE. 

Eesume  of  Test  of  I-In.  Columbia  Meter,  No.  67  139.     October  18th 

AND  19th,  1898. 


3... 

On 



ler  of  Te 

St,  14. 

40.00 

762.43 
511.99 
172.93 
45.43 
11.13 

5.000 
5.000 
3.000 
2.333 
2.675 

5.0397 
5.0638 
3.0720 
2.2165 
0.7947 

1.0079 
1.0127 
1.0240 
0.9508 
0.2968 

58 

3 

i 

67.00 
95.10 
98.76 
92.77 

58 

3 

58 

6 

58 

4 

58 
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Considering  the  accuracy  of  small  water  meters,  the  author  was 
suriJrised  at  the  trifling  variation  in  errors  of  registry  for  rates  of  dis- 
charge, varying  in  some  examj^les  as  90  to  1.  Thus,  the  Empire 
meter,  during  23  tests,  with  a  range  of  delivery  from  75  to  1,  varied 
from  a  minus  error  of  0.87%"  to  a  plus  error  of  0.23^,  -with  an  average 
error  of  —  0.18  j)er  cent.  The  Nash  meter,  with  a  discharge  varying 
from  83  to  1,  exhibited  during  the  15  tests  a  maximum  error  of  — 
0.75%",  and  a  minimum  error  of  —  0.04:%,  with  an  average  error  of 
registry  of  0.38  per  cent.  These  were  new  meters.  The  Crown  meter 
had  passed  3  500  cu.  ft.  of  water  prior  to  the  test,  but,  under  the  usual 
conditions  of  meter  service,  this  should  have  had  no  apparent  effect 
on  its  accuracy.  This  meter  showed  a  maximum  error  of  —  9.45%, 
and  a  least  error  of  —  ^.11%,  with  an  average  error  for  15  tests  of  — 
6.28  per  cent.  The  Hersey  disc  meter,  for  15  tests,  with  a  range  of 
delivery  from  80  to  1,  showed  an  average  of  +  0.22%",  a  maximum  error 
of  -|-  \.'il%,  and  a  minimum  error  of  — 0.25  per  cent.  The  Trident 
meter,  No.  23  178,  for  15  tests,  gave  a  maximum  error  of  —  4.27%,  a 
minimum  error  of  —  0.04%,  and  an  average  error  of  —  0.73  per  cent. 
Table  No.  2  shows  the  errors  of  all  the  meters  tested. 

TABLE  No.  2. — Compakison  of  Ekeoks  of  Eegistrt. 


Order  of 

Meter. 

Number 
of  tests. 

Error. 

test. 

Maximum. 

Minimum. 

Average. 

15 

Worthington 

Piston  Mei 

18 
15 
10 
23 
16 

Disc  Meti 

15 
15 
15 

6 

6 

8 
11 
13 
15 
14 
11 

FERENTIAL 
19 

ERS. 

+10.32 

—  9.45 

—  3.64 

-  0.86 
—16.34 

:rs. 

-  0.75 
+  1.31 

-  4.27 
—20.63 
—14.03 
-56.37 
—10.71 
—24.68 
—17.10 

—  7.13 
—17.42 

Meter. 
-f  66.31 

+0.67 
-3.77 
+0.53 
+0.23 
+0.33 

—0.04 
—0.25 
—0.04 
—0.01 
—1.32 
—0.66 
-0.60 
+0.27 
-I-0..32 
+1.79 
—0.84 

—0.78 

+  2.08 

9 

10 

1 

Crown 

Hersey 

Empire 

—  6.28 

—  2.13 

—  0.18 

13 

8 

Union  Rotary 

Nash 

—  2.32 

—  0.38 

4 

Hersey 

+  0.22 

5 

6 

Trident,  No.  23  178 

Trident,  No.  23  179 

Trident,  No.  23  180 

Trident,  No.  23  176 

Pittsburg,  No.    8  011... 
Pittsburg,  No.  10  798... 

Niagara 

Standard  

Lambert 

In 
Columbia 

—  0.73 

—  6.88 

7.. 

—  5.70 

8 

—19.30 

3 

—  3.05 

11 

—  4.77 

12 

—  2.36 

16 

—  0.35 

17 

14 

-5.11 

+13.42 
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An  error  is  stated  as  plus  when  the  registry  of  the  meter  was 
greater  than  the  actual  quantity  of  water  delivered,  and  as  minus  when 
the  quantity  of  water  delivered  exceeded  the  registry  of  the  meter. 

Certain  meters,  while  quite  accurate  with  ordinary  rates  of 
draught,  were  incapable  of  measuring  the  smaller  discharges,  and 
these  smaller  discharges  more  nearly  resemble  the  leakage  in  domestic 
plumbing,  which,  with  the  meter  system  of  water  measurement,  the 
average  householder  will  be  prompt  to  correct,  in  the  interest  of 
domestic  economy. 

This  inquiry  was  undertaken  altogether  from  a  practical  point  of 
view,  and  the  author  has  no  doubt  that  certain  meters  which  did  not 
show  quite  as  good  results  as  other  meters  may  be  just  as  reliable  in- 
struments for  the  ordinary  measurement  of  water  supplied  through 
service  jjijjes. 

Apart  from  any  refinements  of  water  measurement  which  may  be 
shown  by  these  and  former  tests  of  meters,  one  cannot  neglect  the 
important  fact  that,  however  precise  the  instrument  may  be  under 
test,  it  must  be  constructed  on  such  principles  and  in  such  a  manner 
as  will  guarantee  its  durability  and  continued  proper  working  through 
years  of  time;  and  it  should  be  very  gratifying  to  all  interested  in  the 
use  of  meters  that  those  meters,  which  in  these  tests  have  shown  the 
greatest  precision  of  measurement,  also  have  demonstrated  their 
capacity  to  operate  for  a  generation  or  longer  in  daily  service,  and 
still  be  in  a  condition  to  satisfactorily  approximate  the  quantity  of 
water  which  is  passed  through  them. 

As  a  general  proposition,  only  two  or  three  of  the  meters  fell  so 
low  in  the  author's  esteem  as  to  make  them  doubtful  devices  for  the 
measurement  of  water;  but  any  meter  represented  in  these  tests  (if 
not  damaged  by  use)  is  superior  to  the  prevailing  mode  of  charging 
for  water  by  a  survey  of  the  premises.  So  long  as  many  consumers 
of  water  from  the  public  mains  are  wasting  as  much  as  they  use, 
while  others  are  using  less  than  half  of  what  they  pay  for,  any  water 
meter  that  will  work  with  all  streams,  and  indicate  the  actual 
quantity  of  water  passed  within  4  or  6%,  will  meet  all  present 
requirements.  When  water  meters,  as  they  should  be,  are  used  to 
measure  every  gallon  of  water  taken  for  consumption  from  the 
public  mains,  then  the  refinements  of  meter  measurement  can  be 
safely  discussed. 
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TABLE  No.  3. — Compakison  of  Wyoming  and  Boston  Metek  Tests. 


Wyoming  Tests,  1898. 


Diameter 

Pressure, 

Ratio  of 

of 

in 

tank  to 

orifice. 

pounds. 

meter. 

Discharge, 

gallons 
per  hour. 


|-in.  Crown,  No.  187  595. 


r's-m. 
,>2-in. 


33.75 

1.0566 

69.66 

1.0392 

92.95 

1 .0602 

99.76 

1.0767 

93.62 

1.1044 

873.85 

546.31 

172.68 

45.66 

11.18 


-in.  Empire,  No.  191 159. 


|-in. . 
i^-in. 
^-in. 


J-m. 
J-in. 


746.60 

503.90 

167.44 

43.07 

10.59 

J-in.  Hersey  Rotary,  No.  57  617. 

913.52 
559.95 
172.58 


23.33 

1.0058 

58.50 

1.0028 

87.28 

0.9977 

88.95 

0.9943 

83.90 

1.0087 

21.33 

1.0378 

68.66 

1.0340 

92.81 

0.9947 

-in.  Union,  No.  67  225. 


J-in.. 
i-m.. 
J-m.. 

,Vm. 


20.00 

0.9967 

71.00 

0.9943 

98.70 

0.9786 

103.29 

0.9840 

88.72 

1.1953 

940.94 

581.90 

178.06 

46.33 

10.88 


|-in.  Worthington,  No.  100  020. 


Boston  Tests,  1887-8 


Diameter 

Pressure, 

Ratio  of 

of 

in 

tank  to 

orifice. 

poimds. 

meter. 

Discharge, 

gallons 

per  hour. 


-in.  Crown,  No.  45  073. 


0.15-in.., 
0.05-in.. 
0.03-in.., 


21 

0.9903 

41 

0.9902 

45.5 

1.0021 

46 

1.0366 

46 

1.0552 

1  032.24 

448.80 

184.01 

23.34 

8.53 


-in.  Empire,  No.  45  075. 


0.15-in... 
0.05-in... 
0.03-in... 


18.5 

1.0112 

41 

0.9971 

45 

0.9873 

46 

1.0941 

46 

1 .4791 

1081.61 

439.82 

184.01 

21.09 

8.53 


|-ir.  Hersey  Rotary,  No.  448. 


0.15-in. 


23 

0.9S73 

40 

0.9872 

45 

0.9707 

3-in.  Union,  No.  23  816. 


i-m 

|-in 

0.15-in.. 
0.05-in.. 
0.03-in.. 


17 

1.0190     1 

40 

1.0051 

44 

1 .0149 

46 

8.8471 

46.5 

91.9166 

973.90 
453.29 
188.49 


1  WIS. 07 

435.34 

175.03 

22.89 

8.53 


TB-m. 
35-in. 


29.66 

1.0089    1 

65.00 

1.0089 

92.47 

0.9885 

98.36 

0.9933 

87.77 

0.90&1 

828.27 

531.30 

172.25 

45.34 

10.82 


J-in.  Worthington,  No.  5  990. 


6.15-in.., 
0.05-in.. 
0.03-in... 


21 

0.9974 

43 

0.9810 

47 

0.9847 

46 

0.8848 

47 

0.9466 

1  050.19 
444.31 

192.98 
22.89 


The  perfect  meter  is  in  the  future,  and  doubtless  will  contain  the 
principle  laid  down  by  John  Thomson,  M.  Am.  Soc.  C.  E. ;  *  but, 
meanwhile,  no  one  is  justified  in  rejecting  the  modern  displacement 
meter,  as  a  device  for  the  measurement  of  water,  upon  the  theory  that 
it  is  not  sufficiently  accurate  for  all  practical  purposes. 

Water  meters  are  not  made,  and  should  not  be  rated,  like  "  Jurgen- 
sen  "  watches,  and  errors  much  in  excess  of  those  mentioned  are  ad- 
missible in  practice  without  indicating  that  the  water  meter  is  a 
faulty  machine  for  its  jiurpose.  In  his  excellent  jiaper  on  water 
meters,  Mr.  Thomson  states  that  errors  of  5  to  7%  should  not  con- 
demn a  water  meter,  and  the  author  can  accept  this  approach  to  ac- 
curacy of  measurement  jirovided  he  is  quite  sure  that  the  variations 
of  the  meter  from  the  true  discharge  do  not  exceed  the  limits  laid 
down.     In  these  and  other  tests  of  water  meters  which  the  author 


*"  A  Memoir  on  Watar  Meters,"  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxv,  p.  65. 
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lias  made,  the  errors  sometimes  go  considerably  beyond  5  or  7%,  and 
thus  raise  a  doubt  as  to  the  general  accuracy  of  these  devices  for  the 
measurement  of  the  widely  varying  streams  which  flow  through 
domestic  service  jjipes. 

Perhaps  the  most  elaborate  tests  of  water  meters  ever  made  were 
conducted  under  the  ausj^ices  of  the  Boston  Water  Board,  during 
1887-88,  and,  curiously  enough,  of  the  26  meters  tested  there,  only 
five  or  six,  within  the  author's  knowledge,  are  now  offered  in  the 
market.  As  a  matter  of  interest,  the  five  meters  tested,  both  at 
Boston  and  Wyoming,  are  brought  together  for  the  nearest  concord- 
ant discharges  in  Table  No.  3. 

The  errors  of  registry  for  these  meters  by  these  tests  were  as  fol- 
lows: 

TABLE  No.  4 — Eekoks  of  Registry. 


Meter. 

Wyoming   Test. 

Boston  Test. 

Maximum. 

Minimiim. 

Average. 

Maximum. 

Minimum. 

Average. 

Crown 

—  9.45 

—  0.86 

—  3.64 

—  16.34 
+  10.32 

—  3.77 
+  0.23 
+  0.53 
+  0.33 
+  0.67 

-  6.38 

-  0.18 

-  2.13 

-  2.33 
+  2.08 

—    5.23 
+  32.39 
+    3.02 
+  98.91 
-f  13.02 

-4-  0.99 
+  1.29 
+  1.29 

—  0.51 

—  0.26 

—    1.40 

Empire 

—    8.10 

Hersey 

+    1.87 

Union 

—  38.31 

Worthington 

+    4.48 

Loss  OF  Head  and  Reduced  Capacity  of  Service  Pipes  by  Meters. 

During  the  time  the  meters  were  being  tested  by  the  author  for 
accuracy  at  different  rates  of  discharge,  the  pressures  were  taken  only 
on  the  inlet  side  of  the  meter.  Subsequently  the  j^ipes  were  arranged, 
as  shown  in  Fig.  2,  to  take  pressures  on  both  sides  of  the  meter.  Dur- 
ing these  tests,  the  standard  orifices  were  used  in  the  discharge  pipe, 
and  pressures  under  10  lbs.  were  taken  on  the  mercury  i^iezometer 
shown  in  Fig.  2. 

A  careful  review  of  Table  No.  5,  and  of  Table  No.  7,  giving  the  re- 
duced discharges  with  meters  connected  in  the  test  apparatus, 
indicates  that  the  disc  meters  consumed  less  of  the  static  head  on  the 
service  pipe,  and  therefore  realized  a  larger  percentage  of  reduced 
capacity  than  the  i^iston  or  inferential  meters.  If  the  disc  meter  can 
be  shown  to  be  as  durable  in  service,  and  in  other  resjjects  equal  to 
the  jnston  and  inferential  meters,  it  is  entitled  to  first  place  in  the 
types  of  water  meters.     The  author's  tests  were  not  made  to  show  the 
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durability  of  water  meters,  but,  from  aiitheatic  data  placed  in  bis 
bands  for  professional  purposes  by  a  city  water  department,  be  is 
led  to  tbe  conchision  tbat  tbe  present  disc  meter  (if  not  so  in  all 
examples  at  present),  can  be  made  as  durable  as  tbe  otber  types  of 
meters;  and  if  tbis  opinion  is  well  foiinded,  it  must  become  tbe 
standard  of  water  meters  for  domestic  uses. 

TABLE  No.  5 — Loss  of  Head  by  Metek. 


Meter. 


Diameter 

of 

orifice, 

in  inches. 


Pressure, 

pounds, 

inlet. 


Pressure, 
pounds, 
outlet. 


Difference, 
loss  of 
head. 


Percentage, 
loss  of 
head. 


|-in.  Worthington,  No.  100  020 

l-in.  Crown,  No.  187  595 

i-in.  Hersey,  No.  57  617 

tin.  Empire,  No.  191  159 

l-in.  Union  Rotary,  No.  67  225 

l-in.  Nash,  No.  191  160 

l-in.  Hersey,  No.  68  629 

|-in.  Trident,  No.  23  176 , 

l-in.  Pittsburg,  No.  8  Oil 

i-in.  Pittsburg,  No.  10  798 

|-in.  Niagara,  No.  18  901 

|-in.  Standard,  No.  

l-in.  Lambert,  No.  121  795 

l-in.  Columbia,  No.  67  139 


Piston 

Meters. 

\ 

i 

29.00 

4.69 

i 

60.50 

50.50 

i 

85.00 

84.00 

\ 

* 

29.75 

4.79 

68.50 

57.00 

) 

1 

91.00 

90.00 

\ 

1 

23.00 

5.89 

\ 

67.50 

59.50 

1 

91.00 

90.00 

I 

* 

27.50 

4.17 

1 

i 

68.25 

58.25 

i 

91.00 

90.25 

1 

h 

17.50 

4.88 

i 

61.00 

56.00 

\ 

.   w 

85.00 

84.25 

Disc  Meters. 

(      4 

21.00 

5.40 

i     i 

66.00 

59.50 

]    ^ 

90.75 

90.00 

* 

31.50 

4.82 

69.00 

57.50 

1    i 

91.50 

90.50 

i     4 

22.50 

4.98 

1        i 

67.00 

59.00 

I       i 

91.00 

90.25 

i       * 

21.00 

4.66 

1    i 

67.00 

60.00 

(    1 

91.50 

90.75 

^    f 

20.00 

5.28 

67.00 

60.50 

1 

92.75 

92.00 

J 

20.50 

5.57 

1        i 

67.25 

60.75 

\       I 

91.75 

91.25 

\       * 

18.50 

5.03 

1       1 

67.50 

62.00 

1       t 

91  75 

90.75 

\       ' 

21.50 

5.03 

61.50 

M.OO 

\       1 

85.50 

84.50 

Inferential  Meter. 


i 

1 

37.50 

3.44 

64.. 50 

48.50 

( 

5 

85.50 

83.00 

24.30 

83.81 

10.00 

16.53 

1.00 

1.18 

24.96 

83.90 

11.50 

16.79 

1.00 

1.10 

17.11 

74.38 

8.00 

11.85 

1.00 

1.10 

23.33 

84.84 

10.00 

14.65 

0.75 

0.83 

12.62 

72.11 

5.00 

8.20 

0.75 

0.88 

15.60 

74.29 

6.. 50 

9.85 

0.75 

0.83 

26.68 

84.70 

11.50 

16.66 

1.00 

1.09 

17..52 

77.87 

8.00 

11.94 

0.75 

0.83 

16.33 

77.76 

7.00 

10.45 

0.75 

0.83 

14.72 

73.60 

6.50 

9.70 

0.75 

0.81 

14.93 

72.80 

6.50 

9.67 

0.50 

0.54 

13.47 

72.81 

5.50 

8.15 

1.00 

1.09 

16.47 

76.59 

7.50 

12.19 

1.00 

1.17 

34.06 
16.00 
2.50 


90.83 

24.81 

3.93 


Losses  of  head  with  jJ^  and  ^^r-in.  orifices  not  measurable  by  the  gauges  used. 

It  is  not  apparent  to  tbe  autbor  wby  a  disc  meter  sbould  be  sub- 
ject to  more  rapid  wear  tban  a  piston  meter,  nor  wby  it  sbould  be  less 


338 


HILL   ON   TESTS    OF    WATER    METERS. 


convenient  or  more  expensive  to  repair.  It  may  be  true  tliat  the  rotary- 
piston  meters,  when  leakage  becomes  so  great  as  to  demand  repair,  can 
be  taken  aj^art  and  the  piston  box  ground  do-vfn  or  reduced  in  depth 
until  the  vertical  play  of  the  piston  is  no  greater  than  in  a  new  meter; 
but  the  cost  of  doing  this — at  least  with  small  meters — will  be  as  much 
or  more  than  the  cost  of  replacing  a  worn-out  disc.  If  the  pistons  of 
the  piston  meters  wear  sufficiently  at  the  displacement  surfaces  to 
render  the  registry  unreliable,  then  new  jsistons  become  necessary,  the 
cost  of  which  will  be  much  greater  than  new  discs  for  the  disc  meters. 

The  loss  of  head  and  reduced  discharge  of  house  taps  by  the 
introduction  of  water  meters  may  in  some  instances  be  a  serious  draw- 
back, especially  when  the  consumj^tion  should  at  times  quite  equal 
the  ca23acity  of  the  service  pipe.  Upon  the  other  hand,  it  may  be 
urged  that  the  small  diflerence  of  time  reqviired  to  fill  a  water-closet 
tank,  bath  tub  or  other  domestic  convenience,  can  constitute  no  serious 
objection  to  the  slower  meters;  but  in  the  event  of  water  being  taken 
through  meters  for  domestic  fire  protection,  then  the  loss  of  pressure 
and  capacity  becomes  a  very  serious  objection.  Such  a  condition  in 
connection  with  meters  fortunately  does  not  often  arise,  but  it  is 
entitled  to  some  consideration,  and  manufacturers  should  strive  to 
construct  their  machines  so  as  to  consume  as  little  as  j)ossible  of 
the  pressure  in  the  service  pipe,  while  the  water  is  passing  through 
the  meter  and  moving  the  working  parts. 

After  the  tests  for  accuracy  of  registry  with  the  different  rates  of 
discharge,  the  apparatus  shown  in  Fig.  2  was  connected  up  with  a  piece 
of  f-in.  galvanized  iron  pipe,  with  the  burrs  at  the  ends  filed  out  and 
all  visible  obstructions  removed,  with  the  results  noted  in  Table  No.  6: 


TABLE  No.  6. — Test  fok  Eeduced  Dischakge   of  Appabatus  with 
Meter  Kemoved. 


No. 
of 
test. 

Diameter 

of 

orifice, 

in  inches. 

Time, 

in 

minutes. 

Pressure 

in 

supply  pipe, 

in  pounds. 

Cubic  feet. 

Tempera- 
ture of 
water, 

degrees. 

Discharge,  in 

gallons 

per  hour. 

1.        ..   . 

* 
* 

f 

4 

i 
i 
\ 

S 

2 
2 
2 

2.5 
3.5 

4 
4 
4 

8 

I 

15.5 
15.3 
15.5 
16.0 
16.0 
68.7 
68.8 
68.8 
94.7 
94.4 
95.0 

4.2745 
4.2664 
4.2344 
5.4052 
5.4053 
5.1406 
5.1486 
5.1486 
3.1038 
3.1038 
3.1198 

56 
56 
56 
56 
56 
56 
56 
56 
57 
57 
57 

959.198 

2 

957.380 

3 

17 

950.199 
970.341 

18 

970.341 

4 

576.775 

5 

577.673 

6 

577.673 

7 

174.123 

8 

174.133 

9. 

175.004 
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TABLE  No.  7. — Reduced  Dischakge  of  Test  Appakatus. 


Meter. 


Diameter 

of 

orifice, 

in  inches. 


Pressure 

on 

supply  pipe, 

in  pounds. 


Gallons 
per  hour, 
by  meter. 


Gallons 
per  hour, 
by  curve. 


Percentage 
of  reduced 
capacity. 


Worthington 

Crown 

Hersey 

Empire 

Union 

Worthington 

Crown 

Hersey 

Empire 

Union 

Worthington 

Crown 

Hersey 

Empire 

Union 

Nash 

Hgtscv 

Trident"No.'23i78!! 
Trident,  No.  23  179.. 
Trident,  No.  33  180.. 
Trident,  No.  23  176.. 
Pittsburg,  No.  8  011. 
Pittsburg.  No.  10  798 

Niagara 

Standard 

Lambert 

Nash 

Hersev 

Trident,  No.' 23  178'.; 
Pittsburg,  No.  8  011. 
Pittsburg,  No.  10  798 

Niagara 

Standard 

Lambert 

Nash 

Hei-sey 

Trident,  No.  23  178.. 
Trident,  No.  23  179.. 
Trident,  No.  23  180.. 
Trident,  No.  23  176.. 
Pittsburg,  No.  8  011. 
Pittsburg,  No.  10  798 

Niagara 

Standard 

Lambert 

Columbia 

Columbia 

Columbia 


Inferential  Meter. 


40.00 
67.00 
95.10 


762.43 
511.99 
172.93 


Piston  Meters. 

29.66 

828.27 

1322.0 

62.65 

32.75 

872.85 

1393.0 

62.70 

21.33 

913.53 

1130.0 

81.56 

23.33 

746.60 

1170.0 

63.81 

20.00 

940.94 

1086.0 

86.64 

65.00 

531.30 

561.3 

94.66 

69.66 

546.31 

581.0 

94.03 

68.66 

559.95 

576.8 

97.08 

58.50 

503.90 

532.5 

94.63 

71.00 

581.90 

586.8 

99.16 

92.47 

172.25 

172.6 

99.77 

92.95 

172.68 

173.1 

99.74 

92.81 

172.58 

173.0 

99.76 

87.28 

167.44 

167.7 

99.82 

98.70 

178.06 

178.3 

99.84 

Disc  Meteh 

S. 

22.83 

933.14 

1158.0 

80.58 

33.33 

868.87 

1403.0 

61.93 

25.00 

936.78 

1315.0 

70.28 

23.00 

900.73 

1163.0 

77.45 

24.00 

873.18 

1188.0 

78.50 

24.67 

915.81 

1205.0 

76.00 

23.00 

896.92 

1163.0 

77.13 

20.00 

907.36 

1086.0 

83.55 

19.66 

894.93 

1076.0 

83.17 

20.00 

938.18 

1086.0 

86.39 

24.50 

911.27 

1202.0 

75.81 

70.00 

573.79 

582.5 

98.50 

74.00 

556.68 

599.0 

92.93 

66.67 

556.23 

568.2 

97.89 

65.75 

548.74 

564.5 

97.21 

65.00 

557.06 

561.3 

99.24 

64.00 

548.71 

556.9 

98.53 

69.66 

571.70 

581.0 

98.40 

68.92 

560.. 57 

578.0 

96.98 

93.78 

172.70 

172.9 

99.88 

92.43 

172.11 

172.6 

99.72 

93.76 

173.52 

173.8 

99.81 

89.10 

169.19 

169.5 

99.82 

87.87 

167.95 

168.3 

99.76 

94.85 

174.50 

174.8 

99.80 

96.04 

175.71 

176.0 

99.84 

90.63 

170.71 

170.9 

99.86 

88.63 

168.95 

169.1 

99.91 

95.76 

175.33 

175.7 

99.73 

93.15 

173.03 

173.3 

99.84 

1536.6 
569.8 
175.1 


49.62 
89.85 
98.73 


In  these  tests  a  piece  of  pipe  of  the  same  length  as  the  average 
measixrement  from  out  to  out  of  meter  spuds  was  substituted  for  the 
meters  for  comj^arison  of  the  discharge  of  the  simple  pipe  arrange- 
ment with  the  discharge  of  the  several  meters.     From  the  data  thus 
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TABLE  No.  8. — Compakison  of  Wyoming  and  Hambukg  Meter  Tests. 


No.  of  test. 


Diameter 

of 

orifice, 

in  inches. 


Pressure, 

in 
pounds. 


Loss  of  head, 

in 

pounds. 


Ratio  of 
tank  to 
meter. 


Discharge, 

gallons 
per  hour. 


g-in.  Lambert,  No.  121  795  (Wyoming). 


223-226. 
227-229. 
230-232. 
233-234. 

15 

14 

12...... 

8 

4 

27-29. . . 
30-32... 
24-26... 
33-35... 
36-38... 

20 

19 

17 

12 

6 

63-65. . . 
66-68... 
69-71... 
72-74... 

75-78. . . 


24.50 
68.92 
93.15 

97.68 


18.75 

8.40 

1.09 

Not  measurable. 


|-in.  Lambert,  No.  55  036  (Hamburg). 


44.1 
44.1 
44.1 
44.1 

44.1 


7.676 

2.843 

0.426 

Not  measurable. 


l-in.  Nash,  No.  191  160  (Wyoming). 

16.96 

6.89 

0.77 

Not  measurable. 


22.8:3 
70.00 
92.78 
95.92 
94.80 


J-in.  Nash,  No.  133  225  (Hamburg). 


44.1 
44.1 
44.1 
44.1 
44.1 


4.265 

1.422 

0.143 

Not  measurable. 


|-in.  Trident,  No.  23  178  (Wyoming). 


25.00 
66.67 
93.76 
95.09 

87.52 


19.47 

7.96 

0.77 

Not  measurable. 


1.0085 
1.0089 
1.0131 
1.2110 


1.0(10 
1.000 
1.000 
1.017 
1.053 


1.0050 
1 .0000 
1.0076 
1.0063 
1.0004 


1.020 
1.010 
1.003 
1.000 
1.075 


1.0004 
0.9971 
0.9938 
1.0027 
1.0446 


911.27 
560.57 
173.03 
45.17 


834.34 

511 .23 

194.18 

37.52 

7.66 


933.14 
573.79 
172.70 
44.77 
11.24 


849.14 

509.64 

192.87 

50.73 

10.56 


926.78 

556.23 

173.52 

44.57 

10.80 


J-in.  Trident,  No.  7  197a  (Hamburg). 


12.        

11 

.... 

44.1 
44.1 
44.1 
44.1 
44.1 

8.103 

1.706 

0.284 

Not  measurable. 

1.000 
1.000 
0.996 
0.990 
1.010 

1  170.40 
524.44 

10 

201.58 

5 

38.57 

3     .. 

11  36 

obtained,  curves  were  plotted  for  the  i-in.,  i-in.  and  i-in.  orifices, 
with  the  abscissas  taken  as  the  discharges  in  gallons  per  hour,  and 
the  ordinates  as  jjressures  in  the  service  pij^e.  The  curves  were 
drawn  on  the  theory  that  the  discharge  of  a  meter  for  a  given  orifice 
will  vary  as  the  square  root  of  the  pressure  on  the  inlet  side;  and  the 
actual  discharge  of  a  meter  is  compared  with  the  discharge  by  the 
curve,  for  the  given  pressure  on  the  inlet,  to  determine  the  loss  of 
capacity  by  the  resistances  in  the  meter  and  its  connections.  The  rela- 
tion of  the  discharges  by  meters  to  the  discharges  by  the  plain  pipe 
of  the  same  ajDproximate  length  as  the  separation  of  meter  spuds,  is 
given  in  Table  No.  7. 

A  few  years  ago  the  water- works  of  Hamburg,  under  the  direction 
of  Herr  O.  Iben,  conducted  a  series  of  tests  upon  three  of  the  meters 
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represented  in  the  Wyoming  tests.  The  results  of  these  tests,  as  fur- 
nished by  a  i^amphlet  issiied  by  The  Nei^tiine  Meter  Company, 
of  New  York,  and  of  the  Wyoming  tests,  for  the  rates  of  discharge 
most  nearly  agreeing,  are  comjaared  in  Table  No.  8. 

The  Trident  and  Nash  meters,  which  came  under  Mr.  Iben's  obser- 
vation, seem  to  have  been  not  quite  as  accurate  as  those  tested  by  the 
author,  while  the  Lambert  meter,  tested  abroad,  gave  very  much 
better  results  in  detail  and  as  an  average. 

TABLE  No.  9. — Average  Eekoes  of  Begistrt. 


Meter.  Wyoming  test. 


Trident 

Nash 

Lambert  (Bee). 


—0.73 
—0.38 
—5.11 


Hamburg  test. 


-)-0.80 
—2.06 
—1.34 


Three  j)oints  are  considered  by  Mr.  Iben  as  essentials  of  a  good 
water  meter:  (1)  Sensitiveness  or  accuracy  of  registry  at  different  rates 
of  discharge;  (2)  capacity  for  a  given  size  of  meter,  and  (3)  cost.  To 
these  should  be  added  durability,  without  which  any  meter,  however 
excellent  it  otherwise  may  be,  will  be  a  commercial  failure.  The 
meters  in  use  in  Germany  are  generally  of  the  Siemens  or  inferential 
type,  but  much  more  complicated  than  the  Columbia  meter,  repre- 
sented in  the  Wyoming  tests,  which,  excepting  with  the  small  streams 
of  about  11  galls,  per  hour,  gave  very  accurate  results,  but  with  a  con- 
siderable reduction  of  pressure  and  capacity  at  the  service  pipe. 

The  use  of  water  meters  is  much  more  general  in  Germany  than 
in  the  United  States.  From  a  compilation  of  statistics  of  the  water- 
works of  one  hundred  and  twenty-one  cities  in  Germany,  including 
two  in  Holland,  one  in  Denmark  and  one  in  Sweden,*  the  following 
information  with  reference  to  metered  and  unmetered  water  is  taken. 

In  one  hundred  and  eleven  cities  the  total  consumption  of  water 
for  1895  is  stated  as  445  158  552  cu.  m.  (117  611000  000  galls.),  of 
which  quantity  220  158  552  cu.  m.  are  metered,  and  222  604  203  cu.  m. 
are  unmetered.  It  is  not  stated  how  the  water  is  accounted  for  in  the 
other  ten  cities  consuming  31  542  777  cu.  m.  per  year.  Of  these  ten 
cities  all  excepting  Zurich,  Magdeburg  and  Leipsic  are  of  small  indi- 
vidual population.     So  far  as  the  statistics  indicate,   about  half  the 

*  Statistische  Zusammenstellung  der  Betriebs-Ergebnisse  von  Wasserwerken,  Mu- 
nich, 1895. 
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TABLE  No.  10. — Percentage  Losses  of  Head  by  Meters. 


Wyoming. 


Meter. 


|-in.  Crown 1 

^-in.  connections  .  I 

|-in.  Worthington ) 
^-in.  connections  .  j 


|-in.  Union , 

|-in.  connections 


|-in.  Hersey 

|-in.  connections 


|-in.  Empire 

|-in.  connections  . 


Gallons 
per  hour. 


872.8 

546.3 

172.7 

1828.3 

< 531.3 

/ 172.2 

(940.9 

1 581. 9 

(178.0 

913.5 

559.9 

172.6 

(746.6 

{  503.9 

(  167.4 


Wyoming. 


Lambert 

connections , 


Trident \ 

connections  . ) 


Nash 

connections . ; 


911.3 

560.6 

173.0 

(926.8 

{556.2 

(173.5 

(933.1 

1 573.8 

172.7 


Per  cent, 
loss  of 
head. 


83.90 
16.79 

1.10 
83.81 
16.53 

1.18 
72.11 

8.20 

0.88 
74.38 
11.85 

1.10 
84.84 
14.65 

0.82 


76.59 
12.19 
1.17 

77.87 
11.94 
0.82 
74.29 
9.85 
0.S3 


Boston. 


Meter. 


Crown 

connections 


,  Worthington  | 
connections  .  ( 


fin. 
f-in. 

3-in 
i-in. 


Union  . . . .   . 
connections 


Hersey 

connections 


Empire 

connections 


Gallons 
per  hour. 


(1032.2 
\  448.8 
(  184.0 
(1050.2 
I  444.3 
(  193.0 
(1095.1 
\  435.3 
(  175.0 
973.9 
453.3 
188.5 
(1081.6 
\  439.8 
(  184.0 

Hamburg. 


Lambert 

connections  . 


3 -in. 
J-in. 


5-in. 
?-in. 


Trident 

connections  . 


Nash 

connections  . 


Per  cent, 
loss  of 
head. 


40.48 
7.32 
3.30 

38.10 
7.14 
4.25 

17.65 
4.17 
2.27 

52.17 
6.25 
2.22 

27.03 
2.44 
4.44 


834.3 

17.41 

.511.2 

6.45 

194.2 

0.9? 

1170.4 

18.37 

524.4 

3.87 

201.6 

0.64 

849.1 

9.67 

509.6 

3.22 

192.9 

0.32 

total  consximiition  of  water  in  the  cities  of  Germany  is  metered,  and  by 
a  device  which  ^vill  not  compare  in  accuracy  of  measurement  with  the 
displacement  water  meters  made  and  used  in  the  United  States. 

In  the  London  water-works  different  practices  are  followed  by  the 
several  companies.*  The  New  River  Company  meters  all  water  suji- 
plied  to  large  manufacturers  and  railway  companies,  the  water  used 
for  street  sprinkling,  and  sometimes  the  water  for  sewer  flushing, 
amounting  in  all  to  22.76%  of  the  whole  quantity  supplied.  The  West 
Middlesex  Company  does  not  regularly  meter  any  jsart  of  its  supply. 
The  South wark  and  Vauxhall  Company  meters  18.87%  of  all  the  water 
it  furnishes.  The  Chelsea  Company  meters  all  water  supi^lied  to  the 
modern  office  and  flat  buildings,  rej^resenting  23.6%  of  the  total  sup- 
ply. The  Lambeth  Company  meters  11%  of  its  total  supply.  The 
East  London  Company  meters  19.8%  of  its  total  supply.  The  Grand 
Junction  Company  meters  a  very  small  part  (al)out  1%)  of  the  water 
supplied,  and  the  Kent  Works  has  meters  on  16.43%  of  all  its  services. 
In  some  examples  the  water  is  metered  to  a  district  through  the 
♦Report  of  Royal  Commission  on  MetropoUtan  Water  Supply,  London,  1893. 
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Deacon  waste  detectors  furnished  with  recording  apparatus.  The  in- 
termittent supply  to  tanks,  by  the  okler  jn-actice  of  furnishing  water  to 
houses  in  London,  in  many  instances  renders  meters  less  necessary  than 
in  the  wholly  open  or  undefended  services  in  cities  of  the  United  States. 

For  purposes  of  comparison  the  meters  tested,  both  at  Boston 
and  Hamburg,  and  by  the  author,  are  brought  together  in  Table  No. 
10.  In  comparing  the  losses  of  head  in  these  tests,  it  should  be 
noted  that  at  Boston  and  Hamburg  all  were  f-in.  meters  with  f-in. 
connections,  while  the  Wyoming  meter's  (excepting  the  Hersey)  were 
all  f-in.,  with  standard  i-in.  connections. 

The  l^-in.  connection  is  actually  -rg  in.  in  diameter,  while  the  f-in. 
connection  is  actually  t|^  in.  in  diameter;  and  assuming  the  loss  of  head, 
i.  e.,  the  resistance  by  meter,  to  vary  nearly  as  F^,  then  the  losses  of 
head  by  the  author's  tests  are  with  few  exceptions  uniformly  lower 
than  the  losses  reported  for  the  Boston  and  Hamburg  tests.  Con- 
sidering only  the  meters  used  in  the  Boston  and  Wyoming  tests,  it  is 
possible  that  the  latter  may  contain  better  proportions  and  workman- 
shii3  than  meters  from  the  same  manufacturers  ten  years  ago. 

DUKABILITY   OF   WatER  MeTEES. 

By  way  of  showing  the  steady  rejiutation  which  the  Worthington 
"water  meter  has  sustained  through  a  long  history  of  actual  service  in 
many  water-works,  the  Wyoming  tests  of  f-in.  meter  No.  100  020  are 
compared  with  the  Boston  test  of  f-in.  meter  No.  5  990,  and  the  San 
Trancisco  test  of  |-in.  meter  No.  26  737.* 

TABLE  No.  11. — CoMPAEisoN  or  Three  Worthington  Meters. 


Meter. 


l-in.     meter,    No.     100  020,    tested    at ) 
Wyoming,  1898 1 


|-in.  meter.  No.  5  990,  tested  at  Bos- 
ton, 1887-88 


|-in.  meter,   No.  26  737,  tested  at  San 
Francisco,  1884 


Diameter, 

of 

orifice, 

in  inches. 


0.15 
0.05 
0.03 


Pressure, 

in 
pounds. 


29.66 
65.00 
92.47 
98.36 
87.77 
21.00 
42.00 
47.00 
46.00 
47.00 
18.79 
23.13 
25.00 
25.30 
25.37 


Ratio  of 

tank 
to  meter. 


1.0089 
1.0089 
0.9885 
0.9933 
0.9064 
0.9974 
0.9810 
0.9847 
0.8848 
0.9466 
1.0138 
0.9958 
0.9815 
0.9519 
0.9200 


Discharge, 

gallons 
per  hour. 


828.27 

531.30 

172.25 

45.34 

10.82 

1  050.19 

444.31 

192.98 

22.89 

8.98 

742.20 

444.00 

194.00 

52.20 

10.80 


*  Ross  E.  Browne,  "  Water  Meters."    Van  Nostrand  Scientific  Series,  No.  81,  p.  47. 
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The  principle  of  the  Worthington  meter  is  such  that  it  "was  a  per- 
fected machine  in  its  original  conception,  and  no  improvements  were 
possible,  excepting  as  they  related  to  materials  of  construction  and 
proportion  of  parts.  It  was  a  characteristic  of  the  late  Henry  R. 
Worthington,  M.  Am.  Soc.  C.  E.,  that  all  his  inventions  were  per- 
fected when  they  took  form  in  his  great  mind. 

Upon  comparing  the  errors  of  these  three  meters,  widely  separated 
in  numbers  and  time  of  construction,  it  appears  that  the  earlier 
meters  were  nearly  as  accurate  as  those  of  to-day. 

TABLE  No.  12. — Erkoks  of  Registry. 


Meter. 

Error. 

Maximum. 

Minimum. 

Average. 

Worthington,  No.  100  030 

+10.32 
+13.02 
+  8.70 

+0.67 
—0.26 

+0.42 

+2.08 
+4.48 
+3.94 

Worthington,  No.      5  990 

Worthington,  No.    26  737 

Considering  the  durability  of  water  meters,  the  records  of  many 
water  departments  will  show  that  some  meters  have  been  in  service 
for  many  years  and  have  given  no  serious  trouble.  How  well  these 
old  meters  are  accounting  for  the  water  passing  through  them  can  be 
known  only  by  removing  them  from  the  service  pipes  and  testing  them, 
or  by  j)roviding  facilities  for  testing  them  in  the  line  of  pij^e.  Very 
little  information  is  forthcoming  upon  the  accuracy  of  water  meters 
after  reasonable  wear,  but,  so  far  as  the  author's  experience  has  gone, 
this  is  a  feature  thafc  deserves  more  serious  consideration  than  seems 
to  have  been  given  to  it  thus  far. 

In  order  to  obtain  information  on  the  wearing  jjroperties  of  water 
meters,  a  city  water  department  took  six  f-in.  meters  from  stock, 
and  submitted  them  to  the  tests  detailed  in  Table  No.  13. 

All  these  meters  were  obtained  from  well-known  manufacturers,  and 
those  which  passed  the  test  successfully  completed  a  performance 
quite  the  equivalent  of  20  to  40  years  in  an  ordinary  domestic  service 
pipe. 

Meters  "B,"  "C,"  "D,"  "E"  and  "  F  "  werfe  run  beyond  their 
rated  capacity,  and  failure  under  these  conditions  was  more  likely  to 
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Designation 

of 

meters. 

Ty^e 
meter. 

Days 

of 

service. 

Cubic  feet 
passed. 

Average 

gallons 

per  hour. 

Remarks. 

"A" 

Inferential 

Disc 
Disc 
Disc 
Disc 
Disc 

16 

3 

41 
25 

40 
45 

29  974 

11  260 
304  218 
111  362 
202  276 
200  000 

583.9 

1  169.9 
1  552.5 
1  388.4 
1  576.2 
1  385.3 

Failed     to    register    on 
16th  day. 

Failed  to  register.    Disc 

"B" 

"C" 

cracked  on  3d  day. 
Meter  in  serviceable  con- 

"D"  

dition  at  end  of  trial. 
Stem  of  disc  ball  broken 

"E" 

on  25th  day. 
Meter  in  serviceable  con- 

"F"  

dition  at  end  of  trial. 
Meter  in  serviceable  con- 

dition at  end  of  trial. 

occur  than  if  they  had  been  operated  for  twice  the  length  of  time  at 
half  the  stated  rate  of  delivery.  The  performance  of  meters  "C,"' 
"E  "  and  "  F  "  is  marvelous,  and  should  convince  any  water  depart- 
ment about  to  adopt  meters  that  a  well-made  meter  is  almost  as  dur- 
able as  a  stop-valve  or  j)iece  of  cast-iron  pipe. 

An  examination  of  the  records  in  detail  of  meters  "C,"  "E"  and 
"F"  indicates  a  very  uniform  operation  from  day  to  day  throughout 
the  whole  period  of  time,  and  considering  the  enormous  number  of 
pulsations  of  the  discs  (from  63  000  000  to  90  000  000)  required  to  pass 
the  amount  of  water  credited  to  these  meters,  one  cannot  fail  to  be 
impressed  with  the  performance  of  these  simple  little  machines, 
which  seldom  excite  our  admiration,  and  sometimes  come  in  for  severe 
condemnation  when  one's  water  bill  happens  to  exceed  his  expecta- 
tions. 

In  connection  with  other  experimental  work  the  author  recently 
had  occasion  to  test  two  3-in.  hot-water  Worthington  meters  for  the 
Cincinnati  Water  Dejiartment.  These  meters  were  used  with  water  at 
190"^  Fahr.,  of  the  natural  consistency  of  the  Ohio  River,  between 
July,  1897,  and  April,  1898.  The  back  pressure  on  the  meters  was 
about  105  lbs.  during  service,  and  the  rate  of  operation  quite  uniform 
from  day  to  day,  averaging  180  cu.  ft.  per  hour.  The  results  of  these 
tests,  at  diflPerent  periods  in  the  service  of  the  meters,  indicate  how 
rapidly  they  depreciated  with  hot  Ohio  River  water.  The  pistons  and 
cylinders  were  of  brass,  and  the  meters  were  constructed  and  recon- 
structed for  the  special  service  in  which  they  were  used. 
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TABLE  No.  14. 

3-In.  Wokthington  Metee,  No.  72  088. 

3-In.  Connections.     Brass  Pistons  and.  Sleeves  for  Hot  Water. 


Meter  reading. 

Cubic  feet  for 
interval. 

Ratio  of  tank  to 
meter. 

Error  of  meter. 
Per  cent. 

112  335 
114  952 

139  484 
167  897 
198  987 
202  564 

'2  617 
24  532 
28  413 
31  090 
3  577 

1.0914 
1.0958 
1.1064 
1.1146 
1.1413 
1.1831 

—  8.37 

—  8.74 

—  9.62 

—  10.28 

—  12.38 

—  15.48 

3-In.  Worthington  Meter,  No.  70  577. 
3-in.  Connections.    Brass  Pistons  and  Sleeves  for  Hot  Water.    (New.) 


3  652 
35  403 
61  256 
72  237 

31  751 
25  853 
10  981 

1.0134 
1.0309 
1.0.546 
1.0729 

—  1.32 

—  3.00 

—  5.18 

—  6.80 

3-In.  Worthikgton  Meter,  No.  72  088.     (Kebuilt.) 

0000                                 1.0625                               —    5.88 

14*40                                 14  840                                 1.1226                               —10.92 
18  209                                   3  369                                 1.1398                               —12.27 

3-In.  Worthington  Meter,  No.  72  088.     (Again  rebuilt.) 

1355                                 0.999 

17  480                               16  125                               1.0133 

+    0.10 
—   1.31 

The  wear  of  meters  with  water  at  normal  temperature,  free  from 
sand  or  other  material  which  will  cut  the  working  parts,  should  be 
much  less  than  with  hot  water  containing  at  times  much  sand  and 
mud  in  suspension,  but  the  wear  and  reduced  accuracy  of  water  meters 
when  used  for  a  length  of  time,  or  after  a  reasonable  service,  is  a  matter 
to  which  little  attention  seems  to  have  been  given.  Some  unofficial 
reports  have  come  to  the  author  indicating  that  certain  meters  have 
passed  enormous  quantities  of  water  without  evidence  of  wear  or  re- 
duced accuracy  of  measurement,  but  the  water  meter  is  a  working  ma- 
chine, and,  like  all  other  machines,  must  be  subject  to  wear,  and,  un- 
like most  other  machines,  is  not  usually  situated  so  as  to  admit  of 
frequent  examination  and  adjustment  to  compensate  for  wear.  The 
author  inclines  to  the  opinion  that  the  rate  of  wear  and  reduced  accu- 
racy of  measurement  will  conform  roughly  to  curves  such  as  are  indi- 
cated by  Fig.  3  for  the  hot- water  Worthington  meters.  The  curve,  of 
course,  is  to  be  fitted  by  experiment  to  each  type,  and  i^erhajjs  each 
make  of  meter,  and  the  water  with  which  it  is  working. 
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In  Fig.  3  the  ordinates  represent  the  percentage  of  delivery  of  the 
meter  in  excess  of  the  registered  amounts,  or  the  percentage  of  water 
by  tank  measurement  to  the  registry  of  the  meter,  less  100.  In  these 
experiments  from  20  to  25  cu.  ft.  of  water  were  drawn  into  the 
measuring  tank,  and  the  net  weight  of  the  contents  of  the  tank  was 
reduced  to  cubic  feet  for  the  observed  temperature  of  the  water  as  it 
passed  through  the  meter. 

If  the  author's  theory  is  tenable,  then  meter  manufacturers  could 
furnish  their  customers  with  diagrams  to  be  used  from  time  to  time  in 

DIAGRAM  SHOWING  RATE  OF  WEAR  OF  3  IN.  WORTHINGTON  HOT-WATER  METERS 
_AT  THE  HUNT  STREET  PUMPING  STATION,  CINCINNATI,  OHIO,  WATER-WORKS.  1897-98. 
30 1    '    '""^    '    '    '    '    '    '    '    '    "^ — 


10  000      20  000 


30  000     40  000      50  000      60  000     70  000 

CUBIC  FEET  PASSED  THROUGH  METER. 
Fig.  3. 


80  000     90  000  100„000 


correcting  the  meter  record,  to  obtain  the  true  discharge  or  delivery 
of  water.  If  a  meter  thus  is  fairly  accurate  when  started,  and  in  error 
—2%  after  50  000  cu.  ft.,  or  some  other  quantity,  has  been  passed 
through  it,  and  out  —  4  or  — 5^  after  100  000  cu.  ft.  has  been  passed 
through  it,  this  diagram  will  furnish  the  proper  factor  by  which  to 
multiply  the  meter  record  at  any  period  of  its  useful  history. 

This  brings  up  the  consideration  of  the  maximum  average  error 
allowable  in  water  meters.     Conferences  with  several  meter  manufac- 
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tnrers  indicate  that  in  their  opinion  a  meter  is  safe  to  nse  nntil  the 
error  reaches  7%,  but  there  can  be  no  doubt  that  there  are  in  daily  use 
many  meters  in  which  the  average  error  is  much  greater  than  7  per 
cent      Certain  meters  in  these  tests  have  average  errors  of  more  than 
7%   and  with  meters  which  have  been  long  in  service,  with  no  com- 
plaints  as  to  stoppage  or  interference  with  the  supply  of  water,  the 
error   in  many  instances,  as  indicated  by  the  author's  experience,  will 
be  found  to  be  much  more  than  this  modest  figure.     If  7%  is  regarded 
generally  as  the  maximum  allowable  error,  then  thousands  of  meters 
BOW  in  use  in  all  probability  should  be  replaced  by  new  meters,  a 
proposition  which  all  meter   manufacturers  doubtless  will  approve. 
An  error  of  10%  may  be  admissible,  provided  it  is  known  and  the  reg- 
istry therefor  can  be  corrected,  while  admitted  errors   greater  than 
10^  unfortunately  furnish   material  for  condemnation  of  the  meter 

system.  ^.^^^^^^ctio^  Featitkes  of  Water  Meters. 

In  the  rotary  meters  the  pistons  are  made  of  vulcanized  rubber. 
The  Worthington  pistons  are  made  of  drawn-brass  tubing,  with  a  cen- 
tral cast-brass  head.     This  head  unites  the  two  tubes  which  form  the 
piston,  and  receives  the    impact  when  the  motion  of  the  piston  is 
arrested  at  the  end  of  the  stroke  by  the  buffers.     In  the  Crown   Em- 
pire and  Union  Rotary  meters,  the  piston  box  or  case  is  made  of  fine- 
bronze.     The  piston  box  in  the  Hersey  meter  is  made  of  vulcanized 
rubber,  and  the  top  and  bottom  plates  which  close  the  box  are  made 
of  bronze  and  covered  with  a  coating  of  rubber  about  ^,  m.  thick 
The  working  parts  (excepting  the   gear-train)  in  this  meter  present, 
only  rubber   surfaces  to  the  action  of  the   water.      In   all  the  disc 
meters,  the  discs  are  made  of  vulcanized  rubber.     In  some  meters  the 
discs  are  flat,  in  others  concave.     If  either  form  has  an  advantage 
over  the  other,  the  fact  i.s  not  apparent  to  the  author.     The  buffers  of 
the  Worthington  meter  are  made  of  vulcanized  rubber;  m  fact,  this 
material  forms  such  an  important  feature  of  water  meters  that  m  the 
Union  Rotary  and  Columbia  meters,  even  the  gear-trains  are  made  o 
vulcanized  rubber;  while  in  the  Pittsburg  meters,  the  first  spmdle  of 
the  gear-train  turns  in  a  vulcanized  rubber  bushing.     The  two  large 
elliptical  gears  which  connect  the  two  pistons  of  the  Union  Rotary 
meter  are   made  of   vulcanized  rubber,   while  the  eccentric  moving 
piston  of  the  Empire  meter  is  guided  by  a  vulcanized  rubber  pm 
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which  projects  from  its  under  side  into  a  chamber  in  the  lower  cap  of 
the  piston  box  and  impinges  against  a  bronze  friction  roller. 

With  the  exception  of  the  "Worthingtou,  Union  Rotary  and  Colum- 
bia, all  the  meters  have  bronze  gear-trains,  with  cut  or  jsressed  wheels 
and  pinions.  The  Worthington  main  gear  is  a  single  brass  ratchet  or 
crown  wheel  actuated  by  a  pawl  which  is  moved  forward  one  tooth  or 
more  for  each  complete  motion  of  the  two  pistons.  In  all  the  meters 
the  internal  screws  are  of  brass.  The  disc  case  or  box  in  all  the  disc 
meters  examined  is  made  of  bronze.  In  the  Trident  meter  the  two 
sections  of  the  disc  box  are  united  with  a  snap  joint.  In  the  Stand- 
ard meter  this  snap  joint  is  supplemented  by  screws,  and  in  all  others, 
excepting  the  Nash,  the  disc  box  is  made  up  with  screws.  The  bottom 
of  the  Nash  disc  box  is  held  in  jDlace  by  friction,  until  the  box  is 
screwed  down  on  the  bottom  part  of  the  meter  case.  In  the  new 
form  of  Pittsburg  meter  the  disc  box  forms  a  part  of  the  meter  case. 

The  bolts  and  nuts  of  the  Trident,  Hersey,  Hersey  Disc,  Niagara 
and  Pittsburg  meters  are  of  iron  and  galvanized;  in  all  other  meters, 
excepting  the  "Worthington,  the  bolts  are  of  iron  with  brass  nuts. 
The  Worthington  meter  case  is  put  together  with  iron  tap  bolts. 

Screens  are  provided  in  all  the  National  meters  to  intercept  solid 
particles  in  the  water  more  than  -^in.  in  diameter.  The  same  result  is 
accomplished  in  the  Hersey  Disc  meter  by  the  narrow  annular  space 
between  the  meter  case  and  disc  box  through  which  the  water 
passes  before  it  reaches  the  disc  box.  In  the  Trident  meter  a  strip  of 
thin  brass  is  attached  at  one  end  to  the  inside  of  the  meter  case,  and 
extends  partially  around  the  disc  box.  This  strip  of  brass  is  nar- 
rower than  the  chamber  in  the  meter  case  and  forms  with  the  case  a 
thin  curved  slot  through  which  the  water  must  pass  before  it  enters 
the  disc  box.  This  device  acts  as  a  perfect  interceptor  of  large  solid 
particles  which  might  enter  the  meter  and  interfere  with  its  operation. 
No  j)rovision  in  the  other  meters  to  intercept  floating  solid  matter  was 
noticed  by  the  author;  but  it  is  good  practice  with  all  meters  to  place 
a  fish-trap  or  screen  in  the  service  pipe  near  the  inlet  connection,  be- 
cause such  traps  are  more  convenient  to  open  and  clean  than  is  the 
meter  itself. 

Some  complaint  has  been  made  of  the  discs  of  disc  meters  break- 
ing under  high  pressures.  If  exijerience  has  demonstrated  this  to  be 
an  inherent  defect  of  this   tyjje   of  meter,    the   difficulty  might  be 
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remedied  by  thickening  the  disc  at  the  center  and  tapering  it  to- 
ward the  edge.  To  do  this,  however,  will  require  the  sacrifice  of  a 
part  of  the  ball-bearing  surface  or  arc  of  vibration,  which  perhaj^s  the 
meter  manufacturers  might  consider  a  greater  evil  than  the  occa- 
sional breaking  of  the  discs  under  high  pressures.  In  the  Nash  meter 
the  disc  is  strengthened  by  a  steel  wire,  embedded  in  the  rubber  near 
the  edge  of  the  disc. 

In  these  experiments  the  disc  meters  were  frequently  ojierated 
under  pressures  of  95  to  100  lbs.  on  the  inlet  side,  and,  to  test  the 
strength  of  the  discs,  this  full  head  was  often  turned  on  the  meter  as 
suddenly  as  the  cock  in  the  supply  pipe  could  be  opened,  with  no 
evidence  of  injury  to  any  meter  which  the  author  examined. 

Frost  bottoms  are  provided  in  the  Trident  and  in  the  new  form  of 
the  Pittsburg  meters.  These  are  of  cast  iron,  inex2iensive  and  easily 
replaced  should  an  accident  happen  to  the  meter  by  the  freezing  of 
water  in  it.  In  other  meters  the  toj)  or  bottom  piece  of  the  meter  case 
is  made  of  cast  iron,  which  is  expected  by  the  manufacturers  to  break 
if  the  meter  should  freeze. 

"With  one  or  two  excei^tions,  all  the  meters  examined  were  well 
built,  with  a  nice  fitting  of  all  parts,  and  neat,  legible  dials.  The 
meters  generally  throughout  indicate  the  highest  class  of  workman- 
ship, and  a  careful  consideration  for  the  two  essential  features  of  a 
water  meter,  viz.,  accuracy  of  measurement  and  durability. 

A  function  of  the  disc  meter,  which  the  author  has  not  heretofore 
seen  mentioned,  is  its  capacity  as  a  leak  detector.  All  the  disc  meters 
which  were  placed  in  the  line  of  the  domestic  service  pipe,  where  the 
tests  were  conducted,  maintained  a  continual  vibration,  which  could 
be  detected  on  the  second  floor  of  the  building;  while  on  closing  a 
stop-cock  in  the  discharge  pipe  near  the  outlet  of  the  meter,  the  vibra- 
tion ceased.  An  investigation  of  the  cause  of  this  continual  and 
regular  pulsation  of  the  meter  led  to  the  discovery  of  trifling  leaks  in 
two  taps  which  before  had  passed  unnoticed.  Upon  timing  the  Nash 
meter  under  this  condition,  it  was  found  that  the  vibrations  of  the 
disc  were  exactly  four  per  second.  The  leaks  were  too  small  to  be 
registered  by  the  meter,  and  the  only  evidence  it  gave  of  their  exist- 
ence was  the  gentle  vibration  of  the  disc  on  its  ball-bearing  and  the 
tapping  of  the  driving  j^in  against  the  guide  or  driving  arm  of  the 
gear-train.     After  the  discovery  of  this  new  feature  in  the  disc  meter, 
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several  were  connected  one  by  one  in  the  service  pipe  with  similar 
results.  If  this  rocking  of  the  disc  on  its  bearing  with  streams  so 
small  as  to  be  unmeasnrable  is  a  common  property  of  all  disc  meters, 
then  they  have  an  advantage  over  all  other  forms  of  meter,  viz.,  of 
imjaarting  knowledge  of  leaks  in  the  domestic  i)lumbing  which  other- 
wise might  escape  detection. 

Bevolutions  of  Pistons  ok  Discs  pek  Cubic  Foot  of  Water. 

After  the  several  tests  were  made,  all  the  meters  were  taken  apart 
and  carefully  measured  for  water  disjilacement  per  revolution  of 
piston  or  disc,  and  the  revolutions  of  jjiston  or  disc,  and  by  gear- 
train,  computed  per  ciibic  foot  of  water  registered.  For  the  piston 
meters  this  was  determined  by  direct  measurement  of  the  working 
parts,  while  for  the  disc  meters  the  displacement  per  revolution  was 
obtained  by  carefully  waxing  all  openings  and  filling  with  water  the 
disc  box  with  the  disc  in  it.  From  the  weight  and  temperature  of  the 
water,  the  net  volume  of  the  disc  box  was  calculated.  In  several  in- 
stances this  result  was  checked  from  careful  measurement  of  the  disc 
and  box.  In  the  Columbia  meter  the  revolutions  per  cubic  foot  of 
water  discharged  were  calculated  from  the  gear-train  alone. 

TABLE  No.  15.— BevoijUtions  of  Pistons  per  Cubic  Foot. 


Meter. 

Cubic  inches, 
displace- 
ment per 
revolution. 

Revolutions, 
by  piston 
displace- 
ment. 

Revolutions, 
by  gear- 
train, 

Percentage 
of  slip 
allowed. 

l-in.  Worthington 

Piston  Mei 
56.544 
10.600 
15.750 
6.359 
17.360 

Disc  Mete 
3.869 
5.415 
4.770 
5.740 
5.876 
6.285 
4.764 
5.633 

Inferential 

rERS. 

30.56 
163.03 
109.71 

271.72 
99.54 

RS. 

446.63 
319.12 
362.32 
301.06 
294.10 
274.95 
362.70 
306.75 

Meter. 

30.00 
163.89 
109.37 
268.94 

98.65 

446.75 
316.18 
358.40 
295.78 
289.06 
268.75 
348.21 
302.40 

800.00 

1.83 

f  .in.  Crown 

None. 

^-in.  Hersey 

None. 

g-in.  Empire 

1.03 

|-in.  Union  Rotary 

0.90 

|-in.  Nash 

None. 

0.92 

|-in.  Trident 

1.08 

S-in.  Pittsburg,  8  Oil 

1.76 

|-in.  Pittsburg,  10  798 

1.72 

|-in.  Niagara 

2.26 

H-in.  Standard 

4.00 

|-in.  Lambert 

1.42 

|-in.  Columbia 

Some   objection    may    be   raised   to  the  general  crudeness  of  the 
apparatus  used  in  the  author's  tests,  but  originally  only  two  questions 
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were  j)resented.  in  connection  with  tlie  introduction  of  water  meters 
by  his  village:  (1)  The  relative  accuracy  under  the  same  conditions  of 
pressure  and  water  delivery  of  the  cheajier  disc  meters  when  compared 
with  the  piston  meters,  and  (2)  the  relative  value  of  both  types  of 
meters  when  operated  with  widely  varying  streams  of  water.  These 
questions  the  author  believes  have  been  answered  by  the  tests. 

The  conditions  were  alike  for  all  meters,  excepting  the  pressures 
in  the  supply  pipe,  and  this  variation  of  pressure  was  due  to  the  cir- 
cumstance that  the  street  main  from  which  the  supi^ly  pipe  to  the 
meters  was  run  was  also  a  pumping  main,  and  the  variation  of  jjress- 
ure  in  the  supply  pipe  could  only  have  been  avoided  by  making 
all  the  tests  at  night  under  reservoir  jaressure.  The  author  has  no 
reason  to  believe  that  this  variation  of  jiressure  on  the  inlet  sides 
of  the  meters  had  any  influence  on  their  accuracy  of  measurement. 
Kesults  were  sought  which  would  be  fairly  comparable  with  each 
other  rather  than  precise  in  themselves ;  but  this  statement  must  be 
accepted  as  ajiplying  to  the  apparatus  and  not  to  the  observations 
and  deductions,  which  were  carefully  made  and  checked  by  at  least 
two  competent  j^ersons. 

Prior  to  this  investigation  of  water  meters  for  domestic  service,  the 
author  has  several  times  been  called  upon  in  a  professional  capacity  to 
examine  and  report  upon  some  of  the  better  known  forms  of  meters,  to 
settle  disputes  between  water-works  officials  and  dissatisfied  water 
takers.  From  this  experience,  and  the  occasional  use  of  water  meters 
for  test  purposes,  he  has  acquired  a  confidence  in  the  reliability  of 
these  devices,  which,  unfortunately,  is  not  generally  shared  by  water- 
works engineers.  This  confidence  has  been  strengthened  by  the  pres- 
ent investigation  to  such  an  extent  that  he  believes  the  use  of  water 
meters  should  become,  at  the  earliest  i^ossible  date,  an  essential 
feature  of  all  water-works  which  pretend  to  conduct  business  upon 
modern  enlightened  jjrinciples. 
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DISCUSS  LON. 


John  Thomson,  M.  Am.  See.  C  E. — This  paper,  treating  of  a  test  of  Mr.  Thomson, 
commercial  apparatus,  is  of  the  kind  that  almost  any  member  of  the 
Society  has  material  for  at  different  periods  of  his  experience,  but  the 
fact  is,  that  few  members  take  the  trouble  to  prejaare  and  submit  such 
useful  data.  The  author  is  therefore  to  be  especially  commended  for 
its  presentation. 

The  speaker  regards  the  apparatus  described  as  adequate  for  such  a 
test  as  the  author  desired  to  make,  and  believes  that  the  illustration. 
Fig.  2,  might  well  serve  as  a  model  for  those  who  are  not  satisfied  with 
the  experience  of  others  and  desire  to  demonstrate  for  themselves, 
through  the  medium  of  a  bench  test.  As  a  manufacturer,  the  speaker 
prefers  the  use  of  tanks  which  indicate  the  quantity  by  volume  rather 
than  by  weight,  as  less  time  is  required,  variation  due  to  temjDerature 
need  not  be  regarded,  there  is  less  likelihood  of  errors  of  observation, 
and  the  sliding  scale  which  is  connected  to  the  glass  indicating  tube  may 
be  graduated  to  denote  directly  the  percentage  of  the  total  quantity  dis- 
charged through  the  meter.  Thus,  if  the  meter  indicates  9  cu.  ft.,  and 
10  cu.  ft.  are  found  in  the  tank,  the  scale  would  read  90%;  or,  if  the 
meter  indicated  10  cu.  ft.,  and  11  cu.  ft.  were  fovind  in  the  tank,  then 
the  scale  would  read  110  per  cent.  This  system  of  notation  is  believed 
to  be  preferable  to  expressing  the  error  as  plus  or  minus,  or  by  the 
pro2)ortion  of  cubic  feet  or  gallons. 

The  author  specifies  and  carries  through  his  tables  a  refinement 
which,  in  the  speaker's  judgment,  in  a  test  of  this  character,  is  "more 
nice  than  wise, "  namely,  the  calculation  of  the  weight  of  the  water  due 
to  its  temperature.  This  is  referred  to,  not  to  be  hyj^ercritical,  but  simply 
to  suggest  that  future  experimenters  may  safely  neglect  this  detail, 
because  no  commensurate  result  is  ordinarily  derived.  Thus,  in  Table 
No.  1,  the  greatest  difference  of  temiDerature  noted  is  9^^,  equivalent  to 
approximately  0.05  lb.  per  cubic  foot,  or  less  than  j^r  of  1%,  an  error 
which  is  probably  less  than  that  of  the  platform  scale  used.  There  is, 
however,  an  element  of  variation  due  to  changes  of  temperature,  within 
ranges  of,  say,  15  to  25°,  which  maiy  be  taken  into  account,  under  cer- 
tain conditions  of  operation,  that  is,  the  effect  upon  the  displacing 
member  of  the  meter  when  made  of  hard  rubber,  as  the  coefficient  of 
expansion  of  hard  rubber  is  different  from  that  of  brass  or  composition. 
Therefore,  a  relatively  moderate  change  of  temperature  may  affect  con- 
siderably the  registration  of  the  meter  at  low  rates  of  flow,  increasing 
or  decreasing,  as  the  case  may  be,  its  sensibility,  and  in  cases  of  ex- 
treme high  temperature  this  may  wreck  the  meter. 

The  author  occasionally  uses  the  term  "accurate"  where  "sensi- 
bility "  would  seem  to  more  clearly  convey  the  intended  meaning.     A 
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Mr.  Thomson,  meter  may  have  a  more  or  less  wide  range  of  sensibility  -without  affect- 
ing its  general  eflSciency,  or  accuracy,  as  a  commercial  instrument. 
Then,  too,  the  maintained  sensibiUty  of  a  meter  is  dependent  largely 
upon  the  conditions  of  operation  and  the  water  which  glasses  through 
it.  In  this  connection  it  may  be  well  to  note  that  the  foreign  matter 
carried  by  the  water  described  by  the  author  is  not  calculated  to  im- 
prove the  condition  of  an  accurately  constructed  device.  As  a  matter 
of  fact,  as  frequently  proved  by  practical  use,  all  meters  set  where  the 
water  is  charged  with  grit  or  silt  ought  to  be  fitted  to  operate  with  a 
much  less  degree  of  sensibility  than  where  the  water  is  pure.  The 
reason  for  this  is  that  when  the  parts  are  closely  fitted  the  first  effect  of 
grit  is  to  cause  them  to  wedge,  bind,  cut  and  wear,  usvially  producing 
by  such  automatic  action  a  greater  degree  of  clearance  than  if  originally 
fitted  with  sufficient  freedom  to  permit  the  particles  to  pass  freely. 
The  speaker,  however,  has  quite  given  up  the  expectancy  that  this  oft- 
repeated  suggestion  will  receive  much  attention;  as  ordinarily  the 
water-works  superintendent  or  engineer,  who  undergoes  a  change  of 
heart  from  the  system  of  disposal  at  the  discharging  capacity  of  the 
faucet  to  that  of  paying  by  measurement,  is  then  usually  not  content 
to  gauge  his  aqua  pxra  by  units  of  cubic  feet  or  gallons;  he  at  once 
rises  to  the  situation  and  woiild  subdivide  it  by  drops,  as  if  it  were 
liquefied  oxygen  or  Scotch  whiskey. 

The  matter  of  sensibility,  however,  is  especially  important,  and 
should  be  considered,  where  meters  are  used  in  connection  with  tank 
service  and  the  like,  or  where  driblet  flows  are  desired  to  be  registered. 
In  the  disc  type  of  meter,  especially  in  the  smaller  sizes,  the  degree 
of  sensibility  obtainable  is  dependent  upon  the  quality  of  the  water, 
that  is,  whether  pure  or  otherwise,  the  materials  used  in  construction, 
the  frictional  resistance  of  the  reducing  gear-train  and  the  degree  of 
accuracy  with  which  the  disc  and  its  casing  are  fitted.  Suffice  it  to 
say  that  it  is  entirely  feasible,  and  has  frequently  been  carried  out  in 
l^ractice,  when  required,  to  produce  disc  meters  of  the  f-in.  and  f-in. 
sizes  that  will  indicate  from  50  to  75%"  of  the  quantity  discharged  when 
the  rate  of  flow  is  as  low  as  to  cu.  ft.  -per  hoiar;  but,  for  the  great 
majority  of  conditions,  such  refinement  would  be  as  much  out  of  place 
as  to  nickel-plate  a  sand  pump  or  a  soldering  ii'on. 

The  comparison  of  the  "Wyoming  and  Hamburg  tests,  Table  No.  8, 
is  interesting  as  showing  the  wide  range  in  rate  of  flow,  from  20  to  1  up 
to  119  to  1. 

Regarding  the  matter  of  obstruction,  or  loss  of  head  due  to  the 
meter,  this,  in  many  cases,  is  of  but  little  practical  importance.  The 
general  application  of  meters,  with  the  resultant  saving  of  wasteful  flow, 
has  the  result  of  increasing  the  dynamic  head.  This  is  a  well-known  fact, 
but  is  not  infrequently  overlooked  by  experimenters  and  theorists.  In 
so  far  as  meters  of  the  disc  tyjje  are  concerned,  all  of  those  now  on  the 
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market  could  readily  be  modified  to  secure  a  delivery  almost  equal  to  Mr.  Thomson, 
that  of  the  pipe,  but  this  would  be  bad  for  some  of  the  meters.  Nearly 
all  the  differences  of  obstruction  in  the  several  disc  meters  tested  by 
the  author  are  due,  not  to  differences  of  mechanical  operation,  but  to 
variations  in  the  form  and  construction  of  the  water-ways  and  ports, 
and  the  screens  or  other  analogous  means  for  preventing  material  of 
large  caliber  from  entering  the  measuring  chamber.  Strange  as  it 
may  seem  to  some,  the  fact  that  a  meter  may  be  designed  so  as  to  be 
very  free  in  its  delivery  may,  in  some  instances,  be  an  element  of  danger, 
in  that  it  will  more  quickly  result  in  the  destruction  of  the  meter.  The 
reason  for  this  is  that  it  is  only  in  rare  instances  that  meters  are  se- 
lected, for  the  service  they  are  to  perform,  on  the  basis  of  their 
capacity.  The  almost  universal  practice  is  to  simply  select  a  meter, 
the  nominal  size  of  which  corresponds  to  that  of  the  pipe  to  which  it 
is  to  be  attached.  In  other  words,  pipe-fitters  and  political  appointees 
are  not  always  engineers,  and  a  meter,  to  be  successful  commercially, 
must  be  designed  to  meet  the  conditions  just  intimated. 

In  fine,  the  nub  of  this  obstruction  matter  may  be  thus  illustrated: 
First,  assume  a  water  supply  in  which  the  quantity  and  the  head  are 
just  sufficient  to  furnish  a  certain  number  of  services,  and  that  these 
services  are  to  be  metered.  Then,  if  the  meters  themselves  caused  aa 
obstruction  to  the  flow  greater  than  that  of  the  pipe  which  they  dis- 
placed, the  desired  supply,  obviously,  could  not  be  obtained.  This 
would  be  a  condition  where  there  might  be  justification  for  eliminating 
loss  of  head  to  the  last  place  of  decimals.  But,  second,  no  such  con- 
dition has  to  be  met  in  regular  practice,  this  kind  of  "  practice  "  being 
where  meters  are  set  to  restrict  waste.  In  such  cases,  whether  the 
coefficient  of  obstruction  of  the  meter  is  a  full  number  or  a  fraction 
thereof  is  of  but  little  consequence,  in  that  the  quantity  saved  will 
restore  a  greater  degree  of  the  dynamic  head  than  is  absorbed  in  the 
measurement  of  the  quantity  used.  This  fact  has  been  proven  so  com- 
pletely and  so  frequently  that  an  excuse  would  be  made  for  bringing  it 
up  here  were  it  not  a  theme  which,  dear  to  the  hearts  of  many,  like  the 
problem  of  squaring  the  circle  or  soliloquizing  on  anew  spacial  dimen- 
sion, will  not  down.  The  hardship  of  such  considerations  is  not  to  the 
manufacturers,  who  may  be  assumed  to  know  something  of  the  neces- 
sary requirements,  but  to  the  investigator  whose  mind  may  thus  be 
clouded  and  perplexed  by  attempting  to  assimilate  data  which  are 
largely  nonsensical  and  useless. 

The  method  and  means  which  the  aiithor  used  for  ascertaining  the 
obstruction  produced  by  the  meters— the  introduction  of  a  section  of 
service  pipe  con-esponding  m  length  with  that  of  the  meters— the 
speaker  regards  as  most  excellent,  he  having  used  this  for  similar  tests 
with  the  utmost  satisfaction;  but  he  fails  to  see  why  a  comparison  of 
the  discharge  of  the  meter  should  have  been  made  with  curves  of  theo- 


356  DISCUSSION   ON"   TESTS   OF   WATEE   METERS. 

Mr.  Thomson,  retical  discharge,  when,  if  the  speaker  understands  the  data  correctly, 
a  comparison  shoiild  have  been  made  directly  lietween  the  discharge  of 
the  meters  and  that  of  the  pipe.  Referring  to  Table  No.  (5,  and  taking 
the  discharge  in  gallons  per  hour,  through  the  i-iu.  orifice,  the  average 
of  the  first  five  quantities  in  the  right-hand  column  is  961.49  galls. 
Then,  taking  five  of  the  disc  meters  tested,  as  in  Table  No.  7,  the 
maximum  average  is  found  to  be  906.21  galls.,  or,  assuming  the  jjipe  as 
unity,  as  it  is  for  this  purpose,  and  the  static  pressure  equal  in  both 
cases,  then  the  relative  caijacity  of  the  meter  is  9-1.2%';  that  is,  when 
the  maximum  discharge  is  determined,  both  in  the  meters  and  in  the 
pipe,  by  the  same  static  head  and  the  same  sharp-edged  diai)hragm 
having  a  perforation  ^  in.  in  diameter. 

Supplementing  the  remark  about  the  test  by  the  Boston  Water 
Board,  it  may  be  of  interest  to  note  that  no  meters  of  the  disc  tyjje  were 
then  on  the  market;  and  that  since  then,  or  in  about  eleven  years,  fully 
250  000  meters  of  this  type  have  been  made  and  sold  by  American  manu- 
facturers. Had  it  not  been  for  archaic  conservatism  this  number  would 
easily  have  been  doubled.  The  future,  however,  bids  fair  to  correct 
this  in  full  measure.  The  speaker,  therefore,  takes  the  liberty  of  as- 
serting that  the  question  of  type  is  not  a  matter  yet  to  be  demonstrated; 
as  the  disc  type,  to  quote,  by  adojition,  the  author's  own  words,  has 
already  "become  the  standard  of  water  meters  for  domestic  uses." 
Therefore,  in  this  regard,  the  only  feature  of  consequence,  which  for 
several  years  has  received  the  close  consideration  of  engineers  familiar 
with  the  state  of  the  art,  has  been  the  differentiation  of  the  tyjie  to  its 
lowest  terms  as  respects  j^rice,  acciiracy,  general  efiieiency  and  cost  of 
maintenance. 

Regarding  the  relative  importance  of  durability :  This  is  by  far  the 
most  important  element  to  be  considered.  It  is  taken  for  granted  that  the 
author  includes  in  this  general  term  convenience  of  examination,  main- 
tained accuracy,  immunity  from  stoppages  and  cost  of  maintenance. 
A  rather  conclusive  proof  of  the  durability  and  continuity  of  perform- 
ance of  meters  of  the  disc  type  is  furnished  by  the  author  himself,  in 
that  the  four  Trident  meters  specified  by  their  serial  numbers  in  Table 
No.  1  were  shipjjed  to  Wyoming  in  September,  1896,  where  they  had, 
it  is  understood,  been  placed  in  service,  and  that  at  least  one  of  them, 
No.  23176,  had  passed,  as  the  sjjeaker  is  informed  by  the  author,  nearly 
25  000  cu.  ft.  of  water  prior  to  removing  it  for  this  bench  test.  More- 
over, the  original  calibration,  as  recorded  at  the  factory,  corresponds 
closely,  at  maximum  flows,  with  those  given  in  the  table.  The  sensibility, 
however,  shows  considerable  deterioration.  Nevertheless,  if  the  author 
can  say  that  all  these  meters  had  been  continuously  in  service,  then 
their  performance  on  sensibility  flows  may  be  regarded  as  highly  cred- 
itable, especially  so,  if  they  were  not  pulled  apart  and  cleaned  out  jarior 
to  the  test,  so  as  to  put  them  in  proper  condition  for  a  comparative 
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demonstration  with  new  meters.  Moreover,  these  meters,  as  originally  Mr.  Thomson, 
furnished,  were  provided  with  extension  dials  about  3  ft.  in  height.  It 
would  also  b3  interesting  to  know,  in  this  connection,  whether  these 
meters  were  tested  with  or  without  the  extensions.  If  without  the  ex- 
tensions, and  the  meters  were  subsequently  set  in  service  with  the  ex- 
tensions, then  the  bench  test  for  sensibility  would  have  but  little  value, 
as  the  extra  friction  caused  by  the  additional  parts  materially  reduces 
the  sensibility  of  all  meters  arranged  in  this  manner. 

The  experiment  of  turning  on  the  full  inlet  pressure  suddenly  "to 
test  the  strength  of  the  disc,"  is  without  significance;  having,  as  a  de- 
monstration, no  practical  value  whatever.     This  statement  is  made  on 
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the  presumption  that  the  meters  were  tested  in  the  circuit  as  shown  in 
Fig.  2.  The  intention  of  this  exjoeriment,  however,  was  most  laudable; 
for  one  of  the  most  serious  defects  of  the  disc  system  is  the  liability  of 
the  disc-piston  to  break,  especially  when  made  of  hard  rubber.  Such 
failures,  however,  are  quite  as  likely  to  occur  when  the  pressure  is  40 
or  50  lbs.  to  the  square  inch  as  when  it  is  150  or  200  lbs.  Fractures  of 
disc-pistons  are  not  due  merely  to  excessive  j^ressure,  but  are  caused 
by  such  a  hydraulic  condition  as  will  produce  very  high  velocity  of 
flow  through  the  disc-chamber,  thus  operating  the  disc  at  a  much  higher 
rate  of  speed  than  that  for  which  it  is  properly  adapted,  and  hence  in- 
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Mr.  Thomson,  ducing  rapid  wear  of  the  ball  and  socket,  tlie  periphery  of  which,  in 
nearly  all  the  meters  cited,  will  permit  the  disc  to  jam  between  the 
wall  of  its  casing  and  the  diaphragm,  which  results  in  its  ruin.  It 
would  appear  to  be  evident,  therefore,  that  a  mere  bench  test  is  of  but 
little  value  for  ascertaining  the  relative  durability  of  disc  meters,  in 
respect  to  the  endurance  of  the  discs,  and  that  for  this  detail  the  only 
test  entitled  to  any  importance  is  to  ojierate  the  meters  under  very 
high  rates  of  delivery,  either  continuously  or  intermittently,  until 
large  volumes  of  water  have  been  discharged.  The  consequence  of 
such  a  trial  will  be  either  to  smash  the  disc  or  show  by  its  a^jpearance 
its  ability  to  stand  severe  punishment.  As  bearing  uj)on  this  question, 
the  results  of  some  experiments  of  the  nature  indicated,  made  by  Mr. 
A.  W.  F.  Brown,  "Water  Kegistrar  of  Fitchburg,  Mass.,  are  shown  in 
Table  No.  16,  and  in  Fig.  4,  which  the  speaker  has  prej^ared  from  orig- 
inal data  furnished  by  Mr.  Brown. 

TABLE   No.  16. — Durability  Test  of  a    |-In.  Disc  Watei^  Metek, 

PEEPAKED     FKOM     ReCOEDS     ITJENISHED     BY     Me.    A.    W.    F.    BEO-ftTSI, 

Watee  Registeai{,   Fitchbueg,  Mass.,   who  Conducted  and  Con- 

TEOLXiED  THE   PeEFOEMANCE. 

(This  trial  was  undertaken  with  the  intention  and  expectancy  of 
destroying  the  meters. ) 


Dates. 


Sept. 

Sept. 

Oct. 

Jan. 

April 

Oct. 

Jan. 

Api'il 

May 


1,  18<U. 
19,1894. 

•S,  1894. 
28,  1895. 
18,  189.5. 
23,  1895. 

13,  1896. 
25,  1896. 

14,  1896. 


Quantity 

passed. 

in  cubic 

feet. 


100  772 
205  145 
327  888 
409  037 
631  761 
724  570 
906  229 
1  001  153 


Rate  of 
flow,  in 
cubic 
feet  per 
minute. 


4.0 
6.0 
1.5 
1.5 
1.5 
1.5 
1.5 
4.5 


Maximum  errors... 
Greatest  variations 
Mean  errors 


Diameter  of  Jh-ts,  in  Inches,  and  Percentage  of 
Error,  Plus  or  Minus. 


+2.5 
+1.0 
0.0 
+1.0 
+2.0 
.  0.0 
—1.0 
—0.5 
—1.5 


+2.5 
4.0 
1.0 


+2.0 
+0.1 
+0.5 
+0.5 
+2.0 
—0.8 
0.0 
—0.5 
—0.5 


+2.0 
2.8 
0.8 


+0.5 
+0.5 
—1.0 
—1.0 
—2.0 
—1.5 
—0.5 
0.0 
+1.0 


+2.0 
3.0 
0.9 


+2.0 
+2.0 
+1.0 
il.O 
+1.0 
—0.5 
+1.0 
—0.5 
—2.0 


+2.0 
4.0 
1.2 


+2.0 
+1.0 
—2.0 
+2.0 

0.0 
—1.0 

0.0 
—3.0 
—4.0 


-5.0 
6.0 
1.6 


+  1.5 

—  2.0 

—  7.0 

—  4.0 

—  3.5 

—  5.0 

—  3.5 

—  9.5 
—13.0 


-13.0 
14.5 
5.4 


—  5.5 
—32.0 
—33.0 

—30.0 
—30.0 
—33.0 
—30.0 


-100.0 
94.5 
27.5 


Mean  error  of  all  service  flows,  from  J^-in.  up 1 . 1  "i" 

Quantity  in  United  States  gallons 7  508  647 

Revolutions  of  disc 358  873  235 

Duration  of  trial,  about  1  year  and  8  months. 

Equivalent  mechanical  service,  assuming  daily  consumption  of  250  galls 113  years. 

Concurrent  with  the  above,  another  %-m.  Disc  Meter  was  also  tested  until  817  561 
cu.  ft.  had  been  delivered:  the  last  78  000  ft.  being  at  the  rate  of  6.5  cu.  ft.  a  minute 
under  150  lbs.  pressure,  finally  smashing  the  disc,  which,  after  passing  about  740  000  cu. 
ft.,  had  stood  for  27  300  000  revolutions,  at  the  rate  of  38  nutations  a  second. 
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Eegardiag  the  author's  theory  as  to  rate  of  wear,  as  illustrated  in  Mr.  Thomson, 
the  diagram,  Fig.  3,  in  the  speaker's  jiidgment  this  is  entirely  unten- 
able, and  is  not  even  properly  aiDj)licable  in  the  instance  of  the  Worth- 
ington  meter,  to  which  the  diagram  refers,  because  a  3-in.  meter  of  this 
type  for  the  duty  mentioned,  is  only  worked  to  about  i  of  its  maximum 
capacity.  Therefore,  if  fitted  to  give  stifficiently  accurate  results  at  so 
low  a  flow,  under  the  conditions  mentioned,  it  will  the  sooner  wear 
itself  free.  This  example  is  not  properly  comparable  with  regular 
practice,  and  does  not  do  justice  to  the  enduring  quality  of  this  meter. 

The  author's  clever  use  of  the  disc  meter  as  a  leak  detector  is  a 
novelty.  The  speaker  once  used  a  very  sensitive  meter  for  the  purpose 
mentioned,  by  removing  the  gear-train  and  substituting  a  delicately 
adjusted  electric  contact  device,  the  circuit  being  closed  and  opened 
by  the  nutation  of  the  disc.  The  wires  were  condiicted  to  the  desired 
place  of  observation  and  connected  to  a  telegraphic  sounder,  the  time 
interval  between  the  "  clicks  "  indicating  the  rate  of  flow  and  the 
quantity.  The  niimber  of  places  of  decimals  to  which  it  would  indicate 
was  never  definitely  ascertained,  but  its  sensibility  was  so  pronounced 
that  it  was  promptly  christened  the  "  dew-drop  "  meter. 

The  observation  made  as  to  the  desirability  of  information  re- 
si^ccting  the  accuracy  of  water  meters  after  a  period  of  use  is  fully 
concurred  in  by  the  speaker,  who  believes  that  much  valuable  infor- 
mation could  be  contributed  by  various  members  of  the  Society  if 
they  would  do  so.  This  information  is  largely  in  the  hands  of  pur- 
chasers, and  can  only  be  furnished  by  them.  Private  coi'i^orations,  for 
various  business  reasons,  rarely  publish  such  records;  while  the  records 
of  municipal  departments  are  usually  not  in  form  to  be  readily  available. 
This  condition  is  improving,  however,  and  many  engineers  of  public 
works  and  water  supplies  are  now  keejDing  close  tab  on  this  feature  and 
also  on  the  cost  of  maintenance. 

In  conclusion,  the  si:)eaker  ventures  to  remark  that  the  fact  that 
water  meters  in  general  ^jerform  as  well  as  they  do  is  to  him  a  matter 
of  surprise;  for  there  is  no  machine,  or  instrument,  bar  none,  from 
which  so  much  is  preliminarily  exacted,  and  which  receives  so  little 
attention  once  it  is  set  in  the  dark  corner  of  a  cellar  or  vault.  When 
the  policy  of  legitimate  use  shall  have  been  substituted  for  that  of  un- 
limited waste,  then  this  compact,  inexpensive,  ever-vigilant  monitor, 
when  properly  utilized,  is  capable  of  saving  to  taxpayers  during  every 
decade  tens  of  millions  of  dollars'  worth  of  needless  construction. 

J.  Waldo  Smith,  M.  Am.  Soc.  C.  E. — At  this  time,  when  cities  so  Mr.  Smith, 
quickly  grow  beyond  the  capacity  of  a  water  supply,  which,  at  the 
time  it  was  acquired,  was  expected  to  last  for  half  a  century,  and  when 
economy  in  the  use  of  water  is  such  an  important  factor,  any  informa- 
tion which  adds  to  the  knowledge  of  water  meters  is  a  blessing  to  the 
water- works  engineer. 


360  Discussioisr  on  tests  of  water  meters. 

Mr.  Smith.  Table  No.  2  seems  to  the  sj^eaker  to  be  misleading  and  liable  to  give 
an  entirely  wrong  impression  unless  studied  with  great  care.  As  he 
understands  it,  a  straight  arithmetical  average  of  the  errors  has  been 
made,  as  shown  in  Table  No.  1,  without  regard  to  the  range  of  flow 
between  the  different  experiments.  In  other  words,  an  insignificant 
part  of  the  range  of  the  meter  has  been  given  equal  weight  with  the 
conditions  of  flow  which  cover  nearly  the  whole  of  that  range. 

Had  lower  rates  of  flow  been  tried,  say  eV-iii-  orifice,  the  maximum 
error  might  easily  have  been  60%",  and  the  average  error  20^,  and 
still,  as  ordinarily  used,  all  the  meters  would  have  been  jiractically 
correct. 

Take,  for  example,  the  curve  of  velocities  in  a  float  measurement.  It 
would  be  manifestly  erroneous  to  average  a  velocity  taken  close  to  the 
side  of  the  flume,  and  representing  a  width  of  0.5  ft.,  with  those  taken 
some  distance  out,  and  representing  widths  of  several  feet,  unless  each 
were  multiplied  by  the  width  it  covered. 

By  this  way  of  figuring,  a  meter  which  would  not  register  with  the 
ir2-in.  or  iViii-  orifice  would  show  a  very  small  average  error,  and  one 
which  registered  only  about  40^^  of  flow  with  a  -sV-in.  orifice,  and  which 
was  tested  with  but  two  additional  flows,  would  show  a  very  large 
average  error,  and  would  give  the  impression  that  the  meter  is  of  no 
value  as  a  measure  for  water,  while  for  all  ordinary  flows  it  is  almost 
exactly  correct.  This  is  one  of  the  places  where  an  average  is  wrong 
and  is  entirely  misleading. 

For  similar  reasons  the  comparisons  given  in  Tables  Nos.  3  and  4 
are  not  fair,  for  in  the  Wyoming  tests  of  f-in.  meters  the  minimum  flow 
was  at  the  rate  of  about  11  galls,  per  hour,  while  in  the  Boston  tests 
of  T-in.  meters,  which  are  of  about  double  the  capacity  of  |-in.  meters, 
the  minimum  rate  of  flow  was  about  8^  galls,  per  hour,  which  is  evi- 
dently unfair  to  the  Boston  tests  if  compared  by  average  error,  as  in 
Table  No.  4,  and  the  last  column  in  this  table  does  not  mean  anything. 

The  last  column  of  Table  No.  5  gives  the  percentage  of  loss  of  head 
figured  on  the  inlet  pressure.  Now,  the  loss  of  head  is  only  indirectly 
a  function  of  the  inlet  jjressure,  being  rather  a  function  of  the  rate  of 
flow,  and  it  is  impracticable  to  compare  tests  of  meters  on  this  basis. 
The  speaker  regrets  that  this  table  is  not  in  the  form  of  rate  of  flow  and 
loss  of  head. 

The  importance  of  the  loss  of  head  cannot  be  overestimated.  Upon 
one  hand  the  consumer  usually  objects  to  any  appreciable  lowering  of 
the  efficiency  of  his  service  pipe  as  a  water  carrier,  and  on  the  other 
hand  the  Water  Department  desires  to  set  as  small  a  meter  as  possible 
in  order  to  reduce  the  expense.  With  meters  showing  a  small  loss  of 
head,  it  is  often  possible  to  set  meters  of  a  smaller  size  than  the  service 
pipe,  which  would  not  be  wise  with  meters  showing  a  large  loss  of 
head.     In  reference  to  this,  the  speaker  believes  it  is  economy  to  put 
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tlie  meter  department  in  the  hands  of  a  competent  engineer  who  is  Mr.  Smith, 
posted  on  the  flow  of  water,  and  who  will  not  always  insist  on  setting 
a  meter  of  the  same  size  as  the  pipe  when  one  much  smaller  is  ample 
for  the  work,  or  vice  versa.  In  the  speaker's  exjjerience  during  the 
past  year,  a  number  of  places  have  been  found  having  4-in.  services 
where  a  1-in.  or  1^-in.  meter  was  ample  to  measure  all  the  water  used. 

The  speaker  makes  the  same  objection  to  Table  No.  9  as  to  Table 
No.  4,  and  cannot  see  how  a  comijarison  can  be  made  on  the  basis  of 
average  error,  unless  the  tests  are  made  at  exactly  the  same  rate  of  flow 
and  the  meters  are  of  the  same  size. 

In  Table  No.  10  the  Wyoming,  Hamburg  and  Boston  tests  are  com- 


PLAN  SHOWING  ARRANGEMENT  FOR  TESTING 
5^WATER_ METERS  AT  BELLEVILLE  GATE-HOUSE 


Fig.  5. 


pared  by  percentage  loss  of  head.  If  the  inlet  i^ressure  was  the  same 
In  each  case  this  might  be  possible,  but  with  the  inlet  i^ressure  vary- 
ing in  the  diflferent  cases  it  is  not  practicable. 

The  speaker  has  never  been  able  to  make  a  satisfactory  comparison 
in  such  cases  as  this  without  the  aid  of  curves  and  diagrams,  and  re- 
grets very  much  that  these  experiments  have  not  been  reduced  to  this 
form. 

In  regard  to  the  curves  of  deterioration,  as  illustrated  by  the  dia- 
gram of  the  Worthington  meter,  Fig.  3,  the  speaker  is  of  the  opinion 
that  meters  of  the  same  make  and  using  the  same  water  would  show 
deterioration  curves  widely  different,  and  that  such  curves  would  not 
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Mr.  Smith,  be  of  any  ijractical  use  unless  the  meter  was  run  at  a  uniform  rate,  for 
the  error  of  the  meter  deijends  on  the  rate  of  flow. 

Aside  from  the  foregoing  the  speaker  regards  the  rest  of  the  data 
and  opinions  presented  as  admirable.  "What  is  said  in  regard  to  the 
meter  as  a  leak  detector  is  entirely  new,  and  should  prove  very  useful. 
The  speaker  can  say  "Amen  "  most  heartily  to  the  author's  closing  re- 
marks in  regard  to  the  general  use  of  water  meters,  and  he  looks  for 
the  day  when  water  will  be  sold  entirely  by  meter  measurement. 

To  eomi^are  the  flow  as  measured  by  the  meters  with  the  total 
quantity  jjumjied  would  be  exceedingly  difficult,  on  account  of  the 
many  variable  factors  in  the  case.  The  slip  of  the  iDumji  and  the  leak- 
age of  the  pipe  system  are  usually  unknown  and  variable  quantities, 
and  hence  there  is  great  uncertainty  as  to  how  much  of  the  full  quan- 
tity of  water  the  meters  fail  to  register.  Possibly  under  a  new  order 
of  things,  when  pipe  systems  can  be  divided  into  a  number  of  parts, 
with  each  particular  part  of  the  system  measured  by  one  large  Venturi 
meter,  something  in  the  line  of  Mr.  Harlow's  suggestion  may  be  done; 
but  at  i:)resent  the  speaker  does  not  see  how  it  could  be  carried  out.  In 
a  case  in  Burlington,  Vt.,  some  time  ago,  and  which  was  reported  to  the 
New  England  Water- Works  Association,  a  small  district  was  entirely 
metered,  and  the  leakage  of  the  pipe  system  had  been  measured.  On 
comparison  it  was  found  that  the  meters  accounted  for  90  or  91^0  of 
the  total  quantity  supplied. 

In  view  of  the  character  of  this  jjaper  and  its  jjrobable  value  to 
water-works  superintendents  and  engineers  the  si^eaker  takes  this  op- 
portunity to  present  in  condensed  form  a  set  of  experiments  on  small 
water  meters  made  some  years  ago  by  the  direction  of  Clemens  Herschel, 
M.  Am.  Soc.  C.  E.,  Engineer  and  Sui^erintendent  of  the  East  Jersey 
Water  Company,  in  order  to  determine,  if  possible,  the  best  meter  for 
ordinary  house  service. 

Seven  meters  were  purchased  in  the  oj^en  market  without  the 
manufacturers  being  aware  of  what  was  to  be  done  with  them. 
Four,  the  Union  Rotary,  Hersey  Rotary,  Crown  and  an  experimental 
meter  were  of  the  rotary  piston  tyj^e,  and  three,  the  Thomson  Bee, 
Hersey  Disc  and  Trident,  were  disc  meters. 

The  tests  were  all  made  in  the  Belleville  gate  house  of  the  East 
Jersey  Water  Comjiany.  All  the  meters  were  first  tested  for  accuracy. 
For  test,  a  meter  was  set  firmly  in  a  horizontal  jjosition  in  a  short  line 
of  J-in.  pipe  which  joined  a  1-in.  pipe  connecting  to  one  of  the  main 
16-in.  supply  pipes,  about  2  ft.  up  stream  from  the  meter.  On  the 
down-stream  side,  the  short  piece  of  vertical  pipe  just  over  the  meas- 
uring barrel  was  also  1  in.  in  diameter,  and  was  terminated  by  a  1-in. 
stop  cock.  The  rate  of  flow  was  varied  by  screwing  plugs,  bored  with 
difi'erent-sized  holes,  into  the  stop  cock,  so  that  in  all  cases  the  1-in. 
cock  was  open  full  during  an  experiment,  the  flow  being  throttled  by 
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tlie  plug.     To  regulate  very  small  flows  a  J-in.  pipe  with  a  stop  cock  Mr.  Smith, 
was  attached  to  the  1-in.  cock. 

The  measuring  barrel  was  set  on  a  Fairbanks  standard  platform 
scale  and  was  perfectly  tight.  All  w^eights  were  read  to  the  nearest 
iV  lb.     The  general  arrangement  is  shown  in  Fig.  5. 

On  each  side  of  the  meter,  and  as  near  to  it  as  practicable,  a  press- 
ure gauge  was  attached  to  the  ^,-in.  pipe,  so  as  to  observe  the  loss  of 
head  caused  by  the  joassage  of  water  through  the  meter  and  its  coupl- 
ings. These  gauges  were  frequently  compared  with  each  other,  when 
under  the  same  pressure,  and  were  also  rated  on  a  Crosby  gauge 
tester.     Pressure  was  observed  to  the  nearest  -n,-  lb. 

The  method  of  procedure  in  making  a  test  was  as  follows: 

Scale,  with  measuring  barrel  on,  balanced,  and  weight  recorded; 
reading  of  meter  recorded;  flow  started,  and  time  noted;  reading  of 
jjressure  gauges  noted ;  after  a  sufficient  quantity  of  water  had  passed 
for  a  good  experiment,  flow  was  stopjaed,  time  noted  and  water  was 
w^eighed. 

Exceiit  tor  the  very  small  rates  of  flow,  nothing  less  than  1  cu.  ft. 
was  j)assed  through  the  meter  for  an  experiment,  and  for  the  larger 
flows  the  quantity  was  from  2  to  5  cu.  ft. 

In  the  first  set  of  accuracy  tests,  Fig.  6,  about  thirty  experiments 
were  made  with  each  meter,  and  in  the  subsequent  tests  about  twenty 
exijeriments. 

The  maximum  j^ressure  on  the  meters  was  from  65  to  68  lbs. 

After  being  tested  for  accuracy,  the  meters  were  set  up  and  run 
until  their  dials  registered  from  103  000  to  106  000  cu.  ft.,  when  they 
were  again  tested  for  accuracy. 

The  time  required  to  register  these  quantities  was  from  twenty- 
eight  to  thirty-five  days.  The  rates  of  flow  are  given  in  Table 
No.   17. 

TABLE  No.  17. 

Union  Rotary.  .0.043  cu.  ft.  per  second  =  19.5  galls,  per  minute 


Exi^erimental . .   .  040 

Trident., 039 

Thomson 039 

Hersey  Disc...   .039 

Crown 036 

Hersev  Eotarv .  .034 


=  18.0 
=  18.0 
=  18.0 
=  18.0 
=  16.0 
=  15.0 


The  exj^erimental  meter  failed  after  running  twenty  days  and 
registering  70  000  cu.  ft.  The  stoj^page  was  due  to  the  breaking  of 
the  rollers. 

The  meters  were  now  tested  for  accuracy  (Fig.  7),  as  in  the  first 
place,  and  then  returned  to  their  places,  and  run  against  time. 
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Mr.  Smith.  Where  meters  are  in  general  use  the  consumption  is  said  to  be 
about  3  000  cu.  ft.  per  family  per  year,  which  seems  small.  From  the 
speaker's  observations  he  would  consider  it  safer  to  put  the  consump- 
tion at  10  000  cu.  ft.  i^er  year  in  estimating  the  service  of  a  f-in.  meter. 

In  calculating  the  yearly  service  of  meters,  the  sj^eaker  will  assume 
that  100  000  cu.  ft.  is  equal  to  10  years'  service. 

Up  to  the  end  of  the  second  durability  test  the  meters  had  run  as 
shown  in  Table  No.  18. 

TABLE  No.  18. 


a 

.2 

4)  U 

» ..  II 

'^4 

n3 

a 

2 

3    . 

Name  of  meter. 

a 

3 

•S3 

15 

3 

.  years 
basi 
u.  ft. 
rvice. 

.SS 

-^1 

0    M 

Remarks 

3 

qjiivaleni 
vice     on 
100  000  c 
years'  se 

ressure 
on  up-st 
Pounds. 

H 

H 

W 

^ 

tf 

Union  Rotary.... 

73 

266  000 

26.6 

51 

0.042 

Experimental  . . . 

Rollers  broken. 

Trident 

77 

77 
77 

267  000 
264  000 
264  000 

26.7 
26.4 
26.4 

46 
50 
48 

0.040 
.040 
.040 

Thomson 

Hersey  Disc 

Crown 

76 
80 

238  000 
235  000 

23.8 
23.5 

56 
51 

.036 
.034 

Hersey  Rotary.. 

The  meters  were  now  tested  the  third  time  for  accuracy  (Fig.  8), 
and  were  then  run  against  time  as  before,  until  they  had  registered 
the  quantities  given  in  Table  No.  19,  when  they  were  again  tested  for 
accuracy,  the  results  of  which  are  shown  by  the  curves  in  Fig.  9. 

TABLE  No.  19. 


Name  of  meter. 

Total 
time  run, 
in  days. 

Total 

quantity 

registered. 

Cubic  feet. 

Equivalent 
years'  service 

on  basis  of 
100  000  cu.  ft. 

=  10  years' 
service. 

Pressure 
maintained 

on 

up-stream 

side,  in 

pounds. 

Rate  of 

flow. 

Cubic  feet 

per 

second. 

Remarks. 

Union  Rotary. . . 

103 
25 
108 
108 
108 
106 
112 

377  000 
82  000 
377  000 
376  000 
371  000 
325  000 
327  000 

37.7 
8.2 
37.7 
37.6 
37.1 
32.5 
32.7 

0.042 
.038 
.040 
.040 
.040 
.035 
.034 

Experimental 

Broken. 

Trident 

Thomson 

Hersey  Disc 

Crown 

Hersey  Rotary . . 

They  were  now  set  in  place  and  left  standing  under  65  lbs.  pressure 
for  four  months,  May  21st  to  Sept.  24th,  1895,  and  were  then  tried  for 
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sensitiveness  by  turning  the  stoi^-cock  in  the  discharge  pipe  of  each  Mr.  Smith, 
until  the  meter  just  started,  when  the  rate  of  flow  was  measured.     The 
results  are  given  in  Table  No.  20. 

TABLE  No.  20.  — Rates  of  Flow  at  which  Meters  would  just  begin 
TO  Register,  aeter  Standing  4  Months  under  Pressure  with  no 
Water  running  through. 


Name  of  meter. 


Union  Rotary.. 

Crown 

Hersey  Rotary. 

Trident 

Thomson 

Hersey  Disc 


Rate  of  flow. 
Cubic  feet  per  second. 


0.00051 
.00068 
.00126 
.00047 
.00047 


Rate  of  flow. 
Gallons  per  minute. 


0.23 
0..31 
0.57 
0.21 
0.21 


Played  out,  will  not  run. 


This  test  was  not  entirely  satisfactory,  although  it  is  of  some  value 
in  indicating  to  what  extent  the  sensitiveness  is  aflfected  by  the  meter 
standing  still  for  a  long  time. 

The  five  remaining  meters  were  now  set  running  as  before,  and  at 
about  the  same  rate. 

Union:  Continued  to  run  until  it  was  shut  off,  when  it  had  regis- 
tered 1  589  000  cu.  ft. 

Crown:  Ran  until  shut  ofif,  and  had  registered  1  120  000  cu.  ft. 

Hersey  Rotary:  Stopped  after '  registering  920  000  cu.  ft.,  and  was 
then  comiiletely  worn  out. 

Trident:  Continued  to  run  without  accident  until  shut  oif,  when  it 
had  registered  1  644  000  cu.  ft. 

Thomson:  After  registering  711  100  cu.  ft.,  stuck  fast,  but  was  re- 
paired and  started  again,  but  stoj^ped  after  registering  a  total  of 
932  000  cu.  ft. 

The  total  registration  of  the  meters,  the  rate  of  flow,  etc.,  up  to  the 
time  each  meter  stopjjed  or  was  shut  oft",  is  given  in  Table  No.  21. 

There  is  little  doubt  but  that  some  or  all  of  these  meters  would 
have  stopped  sooner  if  they  had  been  run  at  a  lower  rate  of  flow,  under 
a  less  head,  or  with  roily  water. 

Up  to  the  end  of  the  test,  no  meter  except  the  Thomson  had  been 
taken  apart  or  had  had  any  rejiairs  whatever.  During  the  entire  period, 
however,  the  water  was  very  clear,  and  contained  little  or  no  sedi- 
ment. 

After  the  test,  as  recorded,  the  meters  were  thrown  to  one  side,  and 
forgotten  for  about  eighteen  months.  Two,  the  Trident  and  Crown, 
have  recently  been  tested.  At  the  time  of  this  last  test  neither  had 
received  any  jjarticular  care,  nor  had  they  been  taken  apart,  repaired 
or  renewed  in  any  part. 

The  results  of  this  last  test  are  given  in  Table  No.  22. 
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Mr.  Smith.  TABLE  No.    21. 


Equivalent 

Rate  of  Flow. 

years'  ser- 

Total 
days 
run. 

Total 

quantity 

registered. 

Cubic  feet. 

vice  on 

basis  of 

100  000  cu. 

ft.  =  10 

Name  of  meter. 

Cubic 
feet 

Gallons 

Remarks. 

years'  sup- 
ply- 

per 
second. 

minute. 

Union  Rotary. 

413 

1  589  000 

158.9 

0.045 

20.2 

Shut  off,  but  is  still  in 
running  order. 

Trident 

427 

1  644i000 

164.4 

.045 

20.2 

Shut  off,  but  is  ,'^tiU  in 
running  order. 

Thomson 

268 

932  000 

93.2 

.040 

18.0 

Stopped.  Also  stopped 
after  registering  711  000 

cu.  ft. 

Crown 

406 

1  120  600 

112.0 

.032 

14.4 

Shut  off,  but  is  still  in 
running  order. 

Hersey  Rotary 

315 

920  000 

92.0 

.035 

15.7 

Stopped.    Worn  out. 

TABLE  No.  22. 


Trident. 

Crown. 

Rate  of  flow, 
in  cubic  feet 
per  second. 

Percentage  of 
flow     regis- 
tered. 

Rate  of  flow,  in 

cubic  feet  per 

second. 

Percentage   of    flow 
registered. 

Orifice  full 

A-in 

0.0604 
0.0455 
0.0376 
0.0185 
0.0051 

o.ooie 

98.8 
98.8 
98.5 
98.6 
96.5 
40  0 

0.0a57 
0.0269 
0.0175 

67.5 
68.0 

|-in 

68.8 

i-in 

0.0049     Will  not  run  unless 

'-in 

shaken. 

^ig-in 

Will   just  run 
not  move  with  ^^ 

with   TB-'D-    o'" 
in.  orifice. 

flee,  and  will 

The  record  of  each  of  these  meters  is  phenomenal.  The  Trident, 
between  flows  of  2.3  and  27.0  galls,  per  minute,  gives  an  average  accu- 
racy of  98.2^,  and  is  sensitive  to  a  flow  of  0.7  gall,  j^er  minute.  The 
Crown  does  not  give  quite  such  good  results,  but  in  justice  to  this  meter 
and  other  similar  rotary  meters,  it  should  be  stated  that  this  form  of 
meter  can  be  restored  to  nearly  its  original  accuracy  and  sensitiveness 
by  turning  down  the  case.  In  the  i^resent  test  it  was  desired  to  see  the 
result  of  running  the  meters  to  destruction,  without  doing  anything  to 
them. 

On  examination,  both  of  these  meters  seemed  to  be  in  fair  condition, 
and  with  a  few  repairs  would  have  stood  a  long  run  before  failing.  It 
W"Ould  be  interesting  to  repair  these  meters  and  see  how  much  water 
they  would  pass  before  failing,  also  how  nearly  they  could  be  restored 
to  something  like  their  original  sensitiveness  and  accuracy  at  small 
expense. 
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Mr.  Smith. 
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RATE  OF  FLOW  IN  CUBIC  FEET  PER  SECOND 


Mr.  Smith 
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Mr.  Smith.  A  few  experiments  were  made  to  determine  the  effect  of  throttling 
the  flow  on  the  up-stream  side  of  the  meter,  and  the  eifect  of  suddenly 
starting  and  stopijing  the  flow.  These  experiments  indicated  that 
neither  condition  materially  affects  the  accuracy  of  any  of  the  meters. 
At  the  end  of  the  first  accuracy  test,  when  the  meters  were  new, 
the  rate  of  flow  at  which  the  meters  would  just  begin  to  register  wa& 
determined.  The  results  are  shown  in  Table  No.  23.  The  figures  in 
the  third  and  fourth  columns  are  from  the  curves  of  the  first  accuracy 
test. 

TABLE  No.  23. 


1 

Name  op  Meter. 

Least  Flow  Regis- 
tered BY  Meter. 

3 

Rate  at  which  Meter 

Registers  955s'  of 

Flow. 

4 

Rate  at  which  Meter 

Registers  90%  op 

Flow. 

Cu.  ft.  per 
second. 

Gallons  per 
minute. 

Cu.  ft.  per 
second. 

Gallons  per 
minute. 

Cu.  ft.  per 
second. 

Gallons  per 
minute. 

Union  Rotary . . . 
Experimental. . . . 
Trident 

0.00026 
0.00034 
0.00003 
0.00004 
0.00013 
0.00003 
0.00060 

0.117 
0.108 
0.013 
0.018 
0.058 
0.013 
0.270 

0.00075 
0.00115 
0.00015 
0.00058 
0.00062 
0.00012 
0.00090 

0.337 
0.517 
0.067 
0.261 
0.279 
0.054 
0.405 

0.00068 
0.00100 
0.01010 
0.00345 
0.00050 
0.00012 
0.00085 

0.306 
0.450 
0.045 

Thomson 

0  2!12 

Hersey  Disc 

Crown 

0.235 
0  054 

Hersey  Rotary.. 

0.382 

An  inspection  of  the  experimental  curves,  Figs.  10  to  15,  will  show 
that  the  efiect  of  wear  on  the  three  disc  meters  is  first  to  increase  the 
percentage  of  registration,  and  afterward  to  decrease  it,  while  the 
effect  on  the  rotary  type  is  gradually  to  decrease  the  percentage.  It 
will  also  be  observed  that,  with  the  disc  meters,  the  vertical  sweeps 
of  the  registration  curves  are  very  nearly  parallel  to  the  axis  of  ab- 
scissas, and  the  horizontal  sweeps  to  the  axis  of  ordinates. 

The  first  indicates  the  susceptibility  of  the  meter  to  accurate 
adjustment,  and  the  second  its  sensitiveness.  With  the  Rotary  meter 
the  vertical  sweeio  is  at  quite  an  angle  with  the  abscissa  axis,  indicat- 
ing that  it  is  possible  to  adjust  the  meter  to  register  exactly  right  at 
but  one  point. 

It  will  also  be  observed  that  the  curves  for  the  disc  meters  are 
much  more  jjermanent,  and  that  the  bulk  of  the  evidence  here  pre- 
sented favors  this  type  of  meter.  Whether  this  holds  good  for  meters 
of  larger  sizes  cannot  now  be  answered. 

The  loss-of-head  curves  (Fig.  16),  show  that  continued  wear  has 
comparatively  little  effect  on  the  loss  of  head,  and  it  is  practically  the 
same  in  all  these  tests. 

It  is  to  be  regretted  that  after  laboring  so  hard,  and  spending  so 
much  time,  but  one  meter  each,  of  seven  different  types,  has  been 
investigated. 
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The  experimsats  illustrate  very  cleai'ly  the  general  excellence  of  Mr.  Smith, 
small  meters  of  standard  patterns,  and  also  show  very  forcibly  the 
fallacy  of  judging  the  merits  of  meters  by  their  initial  accuracy  and 
sensitiveness.  They  also  illustrate  how  exceedingly  easy  it  is  to  be 
deceived.  For  example:  One  of  the  meters  which  showed  almost  per- 
fect registration  curves,  and  which  had  a  long  run  before  failing,  is 
now  being  taken  out  of  the  market  by  the  makers  and  replaced  by  one 
having  its  good  points,  with  the  bad  ones  eliminated.  No  one  can 
make  a  series  of  tests  such  as  are  here  recorded  without  being  im- 
jsressed  with  the  wonderful  accuracy  of  these  little  instruments,  and 
the  abuse  they  will  stand  without  apparent  injury.  He  will  acquire  a 
confidence  in  meter  measurement  which  unfortunately  for  the  water- 
works superintendent  is  not  shared  by  the  average  consumer. 
These  meters  have  been  compared  on  the  following  points: 

First.  — Accuracy ; 

Second.  — Sensitiveness ; 

T7i  ird.  — Perm  anen  cy ; 

Fourth.— hosB  of  head; 

Fifth. — Capability  of  the  meters  to  be  adjusted  for  wear,  and 
the  cost  of  such  adjustment; 

Sixth. — Accessibility  of  the  wearing  parts  of  the  meter; 

Seventh. — Protection  from  injury  from  accidental  freezing; 

Eighth.— Cost. 
Of  all  these,  the  most  important  is  the  permanency  of  the  registra- 
tion, both  as  regards  accuracy  and  sensitiveness;  in   other  words,  the 
wearing  qualities  of  the  meter. 

Instead  of  giving  a  table  showing  the  comijarison,  and  stating 
which  meter  is,  in  his  opinion,  the  best,  the  speaker  leaves  the  making 
of  such  comparison  to  those  who  are  interested. 

Clemens  Hekschel,  M.  Am.  Soc.  C.  E. — ^A  report  of  tests  of  water  Mr.  Herschel. 
meters,  unless  accompanied  by  diagrams  showing  the  facts  that  have 
been  disclosed  by  the  experiments,  is  of  doubtful  value,  and  it  is  to  be 
hoped  that  the  author  will  supply  diagrams  to  illustrate  his  experi- 
ments. The  graphic  representation  of  such  experiments  is  much  bet- 
ter than  any  set  of  tables  can  possibly  be.  All  the  speakers  have 
delicately  alluded  to  the  fact  that  the  results,  as  given  in  the  paper, 
are  either  obscure  or  misleading,  and  it  is  housed  that  the  author  will 
supi^ly  the  diagrams,  in  order  that  this  criticism  may  be  made  invalid 
and  that  they  may  be  published  with  the  paper. 

The  experiments  described  and  illustrated  by  Mr.  Smith  were 
made  four  years  ago.  At  that  time,  or  shortly  after,  the  speaker  wrote 
a  paper  in  reference  thereto,  which  was  read  before  the  New  England 
Water-Works  Association,  on  September  12th,  1895,  and  is  published  in 
the  Journal  of  that  Association.*  The  object  of  that  paper  was  to  argue 
*  Journal  of  the  New  England  Water- Works  Association,  Vol.  X,  p.  109. 
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Mr.  Herschel.  for  a  public  competitive  test  of  all  water  meters  then  made.  The 
names  of  the  meters  tested  were  not  stated  in  the  jjaper.  They  were 
referred  to  only  by  the  numbers  1,  2,  3,  4,  5,  6  and  7,  but  their  names 
maybe  given  now.  They  are:  (1)  the  Trident,  (2)  the  Thomson,  (3) 
the  Hersey  Disc,  (4)  the  Union  Eotary,  (5)  the  Crown,  (C)  the  Hersey 
Rotary,  and  (7)  an  experimental  meter.  A  table  in  that  jjaper  gives 
their  rank  for  accuracy,  sensitiveness,  permanency,  loss  of  head,  and 
price,  after  the  first,  second  and  third  tests,  as  illustrated  hj  Mr.  Smith. 
With  this  explanation,  the  table  will,  of  course,  have  more  value  than 
it  had  at  that  time.     The  following  quotation  is  from  the  paper  cited: 

"  They  were  tested  for  accuracy,  and  for  loss  of  head  caused  by  the 
meter,  at  various  rates  of  discharge.  Then  aboiit  100  000  cu.  ft.  were 
allowed  to  pass  each  meter,  and  the  first  set  of  tests  were  rejjeated. 
Then  some  150  000  cu.  ft.  additional  were  allowed  to  pass  each  meter, 
and  the  first-named  tests  were  again  repeated.  The  quantity  passed 
was  equivalent  to  some  ten  years  of  ordinary  use. 

"  Incidentally,  therefore,  these  tests  comprised  a  test  for  durability. 
Tests  were  also  made  for  sensitiveness,  and  a  test  for  remaining 
unaffected  by  continued  disuse  is  still  under  way. 

"The  results  were  somewhat  remarkable.  They  are  given  in  the 
following:  table: 


First  Test. 

Second  Test. 

TnraD  Test. 

Rank. 

Rank. 

Rank. 

1 
2 

2 

3 

4 

7 

5 
5 

6 
3 

7 
4 

1 
1 

2 

2 

3 
3 

4 
4 

5 

5 

6 
6 

7 

1 

2 
2 

3 
3 

4 

5 
5 

6 
6 

7 

Accuracy 

1 

6 

1 

4 

1.' 

a 

m 

%\ 

Sensitiveness 

1 

5 

2 

3 

4 

7 

6 

1 

5 

2 

3 

4 

6 

2 

5 

6 

4 

Permanency 

4 
4 

1 
1 

2 
3 

3 
2 

5 

6 

6 
5 

1 

4 

2 

I 

4 
3 

3 

5 

6 

6 
5 

Loss  of  Head 

4 

1 

7 

3 

2 

6 

5 

Price 

1 

1    sa 
13 

me  ) 
2  \ 

6 

7 

4 

5 

• 

The  speaker  was  loath  to  give  the  names  at  the  time,  having  tested 
only  seven  meters,  and  it  was  his  desire  to  instigate,  if  he  could,  a 
l^ublic  test  of  all  water  meters  then  made  in  the  United  States,  and  in 
the  market.  He  still  has  that  desire,  and  thinks  that  nothing  would 
tend  to  introduce  water  meters  more  generally,  provoke  their  use, 
render  their  use  more  economical  and  cheapen  the  cost  of  repairs, 
which  is  a  serious  item  in  all  water-works  economy,  than  to  have  the 
kinds  of  meters  on  the  market  reduced  in  number.  The  water-meter 
business  to-day  and  for  years  past  has  been  in  precisely  the  condition 
in  which  the  turbine  business  was  about  fifteen  years  ago.  At  that 
time  the  number  of  American  makes  of  water  wheels  and  turbines  was 
legion,  and  every  one  was  claimed  to  be  better  than  any  other.     There 
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were  probably  twenty-five  or  thirty  makes  of  water  wheels,  but  by  Mr.  Herschel. 
means  of  public  competitive  tests  more  than  three-fourths  of  them 
were  at  once  shown  to  be  out  of  date,  and  the  results  of  the  tests  were 
known.  The  water-meter  purchasing  public  is  to-day  entitled  to  the 
same  class  of  information  concerning  water-meters.  Let  any  one 
imagine  the  confusion  there  would  be  in  the  gas  business  if  the  number 
of  makes  of  gas  meters  were  as  great  as  the  present  niimber  of  makes  of 
water-meters.  It  is  this  kind  of  confusion  that  exists  to-day  among  water 
superintendents  in  the  use  of  water  meters.  Not  every  water-works  super- 
tendent  can  afford  to  spend  either  the  time  or  the  money  requisite  to 
test  all  these  meters  in  a  thorough  manner.  The  diagrams  given  by 
Mr.  Smith,  showing  the  results  of  the  tests  made  four  years  ago  may 
seem  to  be  simple,  but  the  amount  of  labor  involved  in  their  prepara- 
tion does  not  appear  on  the  surface  and  yet  they  refer  to  tests  of  only 
seven  meters. 

The  arguments  made  by  the  speaker  in  the  paper  referred  to, 
which  was  addressed  to  a  society  of  water-works  superintendents,  was 
that,  if  an  association  of  that  sort  was  good  for  anything,  it  should 
work  for  the  common  good,  and,  instead  of  relegating  the  testing  of 
water  meters  to  individual  members,  should  appoint  a  committee  and, 
for  the  benefit  of  all  the  members,  test  all  meters  made.  That  is  what 
is  needed  at  the  i^resent  day,  and  the  speaker  hopes  that  the  opinion 
of  this  Society,  either  as  a  Society  or  by  its  individual  members,  on 
every  occasion  that  presents  itself,  will  be  exj^ressed  in  favor  of  the 
attainment  of  such  an  object.  There  is  j)lenty  of  precedent  for  it,  not 
only  the  precedent  stated  relating  to  the  tests  of  turbine  wheels,  but 
take,  as  an  example,  the  testing  establishment  operated  by  the  Penn- 
sylvania Kailroad  Company  at  Altoona,  Pa.,  where  there  are  some 
twenty  or  thirty  skilled  employees,  and  where  purchases  amounting 
to  from  $15  000  000  to  ^20  000  000  per  annum  depend  on  the  tests  made 
by  that  dej)artment.  That  is  a  case  where  tests  are  conducted  by  a 
single  railroad  company,  but  that  company  operates  thousands  of 
miles  of  railroad,  and  is  itself  constituted  of  many  subordinate  com- 
panies. 

Another  examj^le  is  that  of  the  New  England  Association  of  Kail- 
road  Superintendents,  which  is  constantly  testing  new  mechanisms  for 
the  benefit  of  all  its  members,  and  there  are  other  similar  cases.  It  is 
economy  of  labor  to  operate  in  that  manner,  and  if  what  the  speaker 
has  said  shall  tend  to  bring  the  procuring  of  such  tests  of  water-meters 
one  step  nearer,  he  will  feel  amply  rejjaid. 
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CORRESPONDENCE. 


Mr.  Harlow.  James  H.  Harlow,  M.  Am.  Soc.  C.  E. — An  examiuation  of  this 
paper  confirms  the  writer  in  the  position  taken  by  him  at  the  Ameri- 
can Water  Works  Convention,  at  Bnfialo,  in  May,  1898.  Table  No.'  1 
shows  that  when  the  orifice  of  discharge  is  small,  the  accuracy  of  the 
meter  is  materially  changed.  Omitting  from  Table  No.  1  the  best 
and  poorest  meters,  the  error  of  registering,  at  jV-in.  opening,  is  from 
10  to  32  per  cent.  At  Buffalo  the  writer  took  the  ground  that  in  the 
ordinary  use  of  water  the  user  oi^ens  the  faucet  so  that  the  discharge 
apjDroximates  the  nominal  capacity  of  the  meter,  and  in  such  case  the 
error  is  small;  but  it  is  the  detection  of  comijaratively  small  streams 
that  is  desirable. 

From  five  years'  records  in  Wilkinsbiirg,  Pa.,  it  is  found  that  the 
average  domestic  consumer  uses  7  500  cu.  ft.  of  water  per  annum. 
This,  at  the  meter  rates  of  Wilkinsburg,  would  amount  to  ^11.28.  As- 
suming it  possible  that  there  may  be  an  error  of  10%,  and  that  the 
error  is  in  favor  of  the  consumer,  the  amount  actually  used  would  be 
8  300  cu.  ft.  This  would  amount  to  !512.40;  the  loss  to  the  Water 
Comj^any  being  i$1.12.  A  casual  examination  of  3  500  meter  tests 
shows  that  the  errors  of  meters,  at  one-half  and  full  capacity,  about 
balance  each  other,  and  therefore  there  is  no  real  loss.  On  the  other 
hand,  it  is  found  that  meters,  as  a  rule,  will  allow  small  leaks  to  pass 
without  registering,  and  it  is  for  this  reason  that  all  meters  used  by 
the  writer  are  given  what  is  called  a  "  time  test." 

This  test  is  based  on  the  fact  that,  with  practically  uniform 
pressure,  the  orifice  of  discharge  is  smaller  when  the  time  to  pass  a 
given  quantity  of  water  is  greater.  The  writer's  rule  is:  To  accept 
no  meter  which  passes  ro  cu.  ft.  of  water  in  less  than  90  seconds.  In 
this  test  the  valve  is  opened  slowly  and  to  just  the  amount  necessary 
to  set  the  meter  registering,  the  pressure  being  about  130  lbs.  jier 
square  inch.  Under  this  pressure,  assuming  v  ^  60  -[/  '2  g  ?i  ,  there 
will  be  required  an  orifice  of  about  0.000044  sq.  ft.,  which  corresponds 
to  a  circular  opening  of  a  little  less  than  -^j  in-  in  diameter. 

Remembering  that  in  this  test  the  valve  is  opened  just  enough 
to  start  the  meter  registering,  and  that  a  less  opening  would  allow 
water  to  pass,  and,  not  registering,  there  may  be  a  constant  leak 
of  something  less  than  -ro  cu.  ft.  in  90  seconds,  which  is  not 
recorded. 

Assuming  that  0.05  cu.  ft.  of  water  i^er  90  seconds  does  not 
start  the  meter,  there  is  a  possible  leak  of  17  500  cu.  ft.  per  year, 
which  amounts  to  more  than  twice  the  amount  of  water  registered 
against  the  average  customer,  even  after  adding  10%"  for  the  assumed 
error. 
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The  writer  would  like  to  ask  if  any  members  of  the  Society  have  Mr.  Harlow, 
records  which  show  the  relative  amount  registered  by  their  con- 
sumer's meters,  as  compared  with  the  total  amount  of  water  pumped. 
From  observations  made  by  the  writer's  company  he  is  satisfied  that 
not  more  than  TS)*^  of  the  water  actually  used  by  metered  customers 
is  measured;  and  he  believes  that  in  order  to  ajjproximate  the  amount 
of  water  used  there  must  be  sought  a  smaller  meter,  or  one  that  will 
register  the  small  sti'eams. 

Since  the  writer  began  to  make  systematic  tests  of  meters  he  has 
obtained  an  average  time  test  of  134  seconds,  as  against  90  seconds 
obtained  five  years  ago,  and  for  a  meter  of  the  same  make.  The  90 
seconds'  time  test  gives  35  000  cu.  ft.  per  year  as  a  possible  loss 
through  a  meter.  The  134  seconds'  time  test,  under  the  same  condi- 
tions, gives  23  500  cu.  ft.,  a  jjossible  gain  of  12  500  cu.  ft.  per  year, 
which  is  registered  and  paid  for,  or  the  leak  is  stopped. 

The  best  m5ter  now  being  used  by  the  writer's  company  gives  an 
average  time  test  of  234  seconds,  or  at  the  rate  of  13  500  cu.  ft.  of 
water  per  year. 

In  June,  1898,  four  of  the  best  piston  meters  were  placed  tandem 
on  the  service  line  furnishing  water  to  the  building  in  which  the 
Water  Company  has  its  office.  These  meters  were  tested  at  the  time 
they  were  placed  on  the  service  line,  and  have  been  again  tested 
to-day. 

From  Saturday  afternoon,  June  4th,  until  Monday  morning,  June 
6th,  1898,  for  38  hours  30  minutes  these  four  meters  were  tested  by 
allowing  as  small  a  stream  of  water  to  pass  as  would  just  move  the 
register  of  the  slowest  meter.  At  the  end  of  this  time,  meter  No.  1 
read  58  cu.  ft. ;  No.  2,  17  cu.  ft. ;  No.  3,  19  cu.  ft. ;  and  No.  4,  42  cu.  ft. 
Assuming  the  efficiency  of  meter  No.  1  to  be  equal  to  unity,  then  No. 
2  will  equal  0.293;  No."^  3,  0.344,  and  No.  4,  0.724.  The  total  amount 
of  water  passing  these  four  meters  in  eight  months  was:  No.  1,  26  065 
cu.  ft.;  No.  2,  17  738  cu.  ft.;  No.  3,  20  043  cu.  ft.,  and  No.  4,  25  407 
cu.  ft.  Assuming  No.  1  to  be  correct,  their  ratios  of  efficiency  will 
be:  No.  2,  0.671;  No.  3,  0.768,  and  No.  4,  0.985. 

Comparing  the  above  figures  with  the  tests  given  in  Table  No.  24, 
it  will  be  seen  that  when  the  meters  were  placed  on  the  service  line  the 
error  in  one-half  and  full  stream  was  within  x^y  of  1%,  which  is  the 
record  of  meter  No.  3. 

It  will  also  be  noted  that,  with  the  exception  of  meter  No.  2,  all 
these  meters,  under  the  test  made  to-day,  register  from  1  to  5% 
slow. 

The  meter  tested  under  the  longest  time  test  shows  the  largest 
amount  of  water  passing  diiring  the  eight  months.  The  difference  as 
shown  is  due  to  small  leaks  which  meters  Nos.  1  and  2  did  not  suc- 
ceed in  registering. 
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Mr.  Harlow.        The  writer  will  be  pleased  if  someone  else  takes  up  this  question 
of  a  meter  that  will  catch  the  small  streams. 

TABLE  No.  24. 


Meter. 

No.  1. 

No.  2. 

No.  3. 

No.  4. 

Date  of 

test. 

June, 

1898. 

Sees. 
1  121 
O.K. 
O.K. 

Jan., 

1899. 

June, 
1898. 

Jan., 
1899. 

June, 

1898. 

Jan., 
1899. 

June, 

1898. 

Jan., 

1899. 

Time  test. 
Half  open. 
Full  open . 

Sees. 
228 
IX     slow. 
1.3?^      " 

Sees. 

150 

O.K. 

O.K. 

Sees. 
226 
O.K. 
O.K. 

Sees. 
119 
0.7?^  slow. 
0.7;'5-      " 

Sees. 
107 
1.3.V  slow. 
1.7%-      " 

Sees. 
261 
O.K. 
O.  K. 

Sees. 

222 

4^  slow. 

6X      " 

Mr.  Hawley.  W.  C.  HawijEY,  Assoc.  M.  Am.  Soc.  C.  E. — A  careful  investigation 
of  the  subject  has  led  the  writer  to  the  same  conclusion  as  that 
reached  by  the  author  regarding  the  relative  merits  of  the  rotary  and 
disc  types  of  water  meters.  The  disc  meter,  for  a  given  size,  costs 
less,  and  while,  when  new,  there  is  little  difference  in  accuracy  and 
sensitiveness  between  the  two  tyj^es,  after  having  registered  100  000 
cu.  ft.,  or  more,  the  advantage  as  a  rule  is  decidedly  with  the  disc 
meters. 

Another  point  in  favor  of  the  disc  meters  is  that  sand  or  other  foreign 
matter  is  less  likely  to  stop  them  than  it  is  to  stop  the  rotary  meters. 
This  is  especially  true  in  the  smaller  sizes,  and  where  the  water  j^ress- 
ure  is  not  high.  This  is  an  important  matter,  for  rotary  meters  of  the 
Crown  and  Hersey  tyjjes  will  usually,  when  stopped,  jaass  from  60 
to  75%  of  the  full  flow  when  running,  and  hence  the  stoppage  does 
not  attract  attention,  and  frequently  the  loss  in  registration  amounts 
to  more  than  the  cost  of  the  meter. 

Illustrating  the  surj^rising  accuracy  of  new  disc  meters  men- 
tioned by  the  author,  the  "Water  Department  of  which  the  writer  is 
Superintendent  recently  purchased  1  000  disc  meters.  The  specifica- 
tions for  I -in.  and  f-in.  meters  required  that  the  average  of  the  tests 
on  the  larger  streams,  down  to  and  including  the  tests  on  the  i-in. 
stream,  should  be  within  the  limits  of  625  and  630  lbs.'  on  a  reg- 
istration of  10  cu.  ft.,  and  that  no  single  test  should  exceed  the 
limits  of  -f  1%  and  —  2%  (618  f  lbs.  and  637  h  lbs.).  The  -rV-in.  and 
•^2-in.  tests  should  be  within  the  limits  of  -f-  1%  and  —  5%  {61-ro  lbs. 
and  65f  lbs.)  on  a  registration  of  1  cu.  ft.  The  tests  for  1-in.  meters 
were  the  same,  excej^t  that  no  test  on  a  gii-in.  stream  was  required.  Of 
the  first  250  meters  delivered,  about  sixty  failed  to  register  within  the 
limits,  though  previously  tested  satisfactorily  at  the  factory.  On  in- 
vestigation it  was  found  that  water  at  a  temjierature  of  about  50^ 
Fahrenheit  had  been  used  for  testing  at  the  factory,  while  the  water 
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used  in  testing  for  the  Water  Department,  had  a  temperature  of  abovit  Mr.  Hawley. 
70  degrees.  So  closely  does  the  disc  fit  the  disc  chamber,  that  this 
slight  difference  in  temperature  affected  the  registration.  A  little 
scraping  of  the  discs  brought  all  the  rejected  meters  within  the  re- 
quirements. Of  the  balance  of  the  order,  750,  not  one  failed  to  test 
satisfactorily. 

The  author  considers  the  essentials  of  a  good  water  meter  to  be,  as 
quoted  from  Mr.  Iben : 

(1)  Sensitiveness  or  accux'acy  of  registry  at  different  rates  of  dis- 
charge ; 

(2)  Capacity  for  a  given  size  of  meters; 

(3)  Cost; 

(4)  Durability. 

The  writer  would  suggest  the  propriety  of  j^lacing  accuracy  and 
sensitiveness  under  sejjarate  heads.  A  meter  may  be  very  accurate  on 
high  rates  of  discharge  and  fail  absolutely  to  register  a  small  rate;  or 
it  may  be  sensitive  to  both  large  and  small  rates  and  accurate  on  but  part 
or  none  of  them.  It  is  desirable  that  a  meter  should  be  sensitive  to 
any  flow,  and  as  accurate  within  proper  limits  as  good  substantial  con- 
struction and  reasonable  cost  will  allow.  A  meter  made  so  sensitive 
that  it  will  register  on  the  extremely  small  rates  of  discharge  will 
jDrobably  be  too  delicate  to  stand  the  severe  strain  of  measuring  at 
high  rates  of  discharge.  Just  what  degree  of  sensitiveness  should  be 
required  on  small  rates  of  discharge  must  be  determined  by  the  con- 
ditions under  which  the  meter  works,  the  jaressure,  amount  of  silt  and 
sand  in  the  water,  etc.  For  the  f-in.  and  f-in.  sizes  a  rate  of  1  cu.  ft. 
per  hour  should  be  the  limit  required  for  new  meters  under  ordinary 
conditions,  though  they  will  frequently  do  even  better. 

To  the  essentials  for  a  good  water  meter  which  are  mentioned  by 
the  author,  the  writer  would  add: 

[a)  Accessibility  of  working  parts,  and  ease  and  speed  with  which 
they  can  be  reassembled; 

{b)  A  minimum  of  cost  of  repairs,  in  case  of  damage  caused  by 
freezing; 

(c)  A  minimum  of  liability  to  stoppage  from  sand  or  other  foreign 
substance. 

These  relate  directly  to  the  cost  of  maintenance,  and,  in  the  course 
of  the  life  of  a  meter,  are  important  items. 

In  asking  for  proposals  for  furnishing  meters  in  August,  1897,  the 
writer  specified  that  each  bidder  should  submit  with  his  i)roj)osal  the 
following  guarantees : 

"A  definite  guarantee  must  be  given  by  each  bidder  for  each  size 
of  meter,  specifying  the  maximum  cost  of  repairing  meters  which 
have  been  damaged  by  freezing.  Said  guarantee  to  cover  the  cost 
of  new  parts  to  replace  those  damaged  by  frost,  and  also  the  time  of 
man  in  making  the  repairs;  and  this  guarantee  shall  remain  in  force 
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Mr.  Hawley.  so   long  as  the  meters   ptircliased   under  these  specifications  are  in 
service. 

"A  similar  guarantee  must  be  given  specifying  the  maximum  cost 
of  repairing  meters  of  the  various  sizes  in  case  of  damage  by  hot 
water. 

"A  similar  guarantee  must  be  given  specifying  for  each' size  of 
meter  the  cost  of  such  jjrincipal  parts  as  may  be  required  for  renew- 
ing worn  parts  or  for  repairing  meters  accidentally  damaged." 

In  the  above  guarantees  "the  time  of  man  in  making  repairs"  was 
included  because  of  the  inaccessibility  of  the  working  jjai-ts  of  some 
meters,  and  the  consequent  loss  of  time  in  making  repairs  as  compared 
with  others.  The  representative  of  each  meter  company  bidding  was 
ready,  in  conversation,  with  sundry  proofs  and  reasons  why  his  partic- 
ular meter  was  the  most  economical  to  maintain;  but  when  called  i;pon 
to  state  this  in  actual  figures  with  a  bond  behind  them,  only  one  of  four 
complied.  The  advisability  of  exacting  these  guarantees,  particularly 
that  relating  to  damage  by  freezing,  has  been  fully  demonstrated  dur- 
ing the  cold  weather  of  the  present  winter. 

A  year  ago~  the  writer  made  tests  of  some  meters  that  had  been 
in  service  for  about  twenty  months,  and  had  passed  large  quantities  of 
water.  Table  No.  25  shows  both  the  original  test  and  the  second  test, 
and  comjiares  the  two.  The  i^ercentages  of  registration  given  are  the 
ratios  of  the  meter  registration  to  the  tank  measurement  in  each 
case,  /.  e., 

^   „  /  meter  registration  \ 
\tank  measurement/  ' 

The  writer  prefers  this  to  the  author's  method,  as  the  ratio  is  based 
upon  exact  measurement,  and  not  upon  the  constantly  varying  registra- 
tion of  the  meter.  Hence  it  gives  at  once  just  the  jjercentage  of  water 
actually  passed  by  the  meter  and  registered,  and  avoids  the  necessity  of 
using  the  -)-  and  —  signs.  These  tests  were  made  under  a  pressure  of 
38  to  43  lbs.,  the  water  being  brought  to  the  testing  table  in  a  4-in.  jDipe 
from  a  point  on  the  force  main  close  to  the  stand  pipe.  The  pressure 
was  therefore  very  uniform.  Its  temperature,  though  not  taken,  was 
known  to  vary  but  slightly. 

After  testing,  the  meters  were  taken  apart  and  examined  carefully, 
and  theii"  condition  noted* 

These  and  other  tests  and  examinations  lead  the  writer  to  believe 
that  while  most  of  the  standard  makes  of  disc  meters  are  reliable  for 
ordinary  service  when  new,  there  is  a  decided  ditference  in  their  durabil- 
ity, and  hence  some  of  them  are  much  less  sensitive  than  others  after 
having  been  in  sei'vice  for  a  time. 

The  principal  reason  for  this  is  the  friction  between  the  disc  and  the 
vertical  diaphragm  which  divides  the  disc  chamber.  In  several  styles 
of  disc  meters  the  tendency  of  the  disc  to  rotate  about  a  line  coinciding 

*  See  the  column  headed  Remarks. 


CORRESPONDENCE    ON   TESTS    OF   WATER   METERS.  387 

with  the  center  of  its  spindle,  is  overcome  by  direct  contact  between  Mr.  Hawley. 
the  edge  of  the  disc  and  the  diaphragm.  This  constant  rubbing, 
aided  by  what  little  grit  there  may  be  in  the  water,  in  course  of 
a  few  million  oscillations  of  the  disc  causes  wear,  both  on  the 
diaphragm,  aud  on  the  edge  of  the  disc  in  contact  with  it,  and  a 
consequent  increase  in  friction  to  such  an  extent  that  the  meter 
loses,  to  a  greater  or  less  degree,  its  sensitiveness  to  small  flows. 
This  is  freqiiently  so  serious  a  matter  that  nothing  smaller  than  a 
i-in.  stream  will  be  registered.  This  means  that  in  ease  of  a  small 
leak,  from  500  to  over  4  000  galls,  per  24  hours  woiald  pass  without 
registering.  One  or  two  manufacturers  have  overcome  this  diffi- 
culty by  introducing  a  roller  which  is  attached  to  the  edge  of  the 
disc  and  which  works  either  in  a  slot  cut  into  the  inner  surface  of 
the  disc  chamber,  or  directly  against  the  diaphragm  itself.  This  pre- 
vents the  sliding  contact  between  disc  and  diaphragm  and  the  conse- 
quent wear. 

Incidentally,  the  writer  would  call  attention  to  the  fact  that  the  lack 
of  sensitiveness,  after  having  been  in  service  for  a  time,  is  more  marked 
in  rotary  than  in  disc  meters,  and  doubtless  accounts  to  a  large  extent 
for  the  considerable  difference  between  total  pumpage  and  total  meter 
registration,  which  has  been  noticed  in  cities  where  such  records  have 
been  kept,  and  which  has  been  mentioned  in  papers  and  disciissions 
before  this  Society. 

The  intermediate  gear  train  which  transfers  and  reduces  the 
motion  from  the  disc  spindle  to  the  dial  clockwork  is  one  of  the 
delicate  jjarts  of  a  meter,  and  wear  here  soon  affects  the  sensitiveness 
of  the  meter.  The  use  of  a  differential  gear  for  this  purpose  has 
proven  very  unsatisfactory.  Some  of  the  forms  of  single-train 
gears  are  little  better,  though  there  are  some  excellent  ones  in  the 
market.  One  of  the  best  gear  trains  made,  both  as  regards  a  mini- 
mum of  friction  and  wearing  qualities,  is  the  compound  train  in 
the  Trident  meter,  which  was  designed  by  John  Thomson,  M.  Am. 
Soc.  C.  E. 

One  bad  form  of  construction,  sometimes  used,  is  to  fasten  a  gear  to 
a  shaft  with  a  set-screw.  With  the  continual  jar  due  to  the  operation 
of  the  meter  the  set-screw  is  veryliable  to  work  loose  or  slip  on  the 
shaft  and  hence  the  meter  fails  to  register. 

The  writer  doubts  the  practicability  of  a  manufacturer's  diagram 
to  indicate  the  proper  correction  for  registration  as  time  passes,  which 
is  based  upon  the  quantity  registered  only.  Time  is  an  important 
element  in  the  wear  of  a  meter.  A  given  quantity  of  water  measured 
at  a  high  rate  of  discharge  will  cause  much  more  wear  than  the  same 
quantity  measured  at  a  low  rate.  An  actual  test  is  probably  the  only 
safe  method  of  determiniuo;  the  matter. 
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Mr.  Kuichling.  E.  KtJiCHLiNG,  M.  Am.  Soc.  C.  E. — This  paper  is  available  addi- 
tion to  the  literature  of  a  subject  which  is  of  great  importance  in  all 
large  communities,  and  which  has  caused  much  worry  to  those  who 
have  charge  of  public  water  sui5i3lies.  Many  interesting  experiments 
are  set  forth  by  the  author,  and  the  conclusions  which  he  has  de- 
duced therefrom  are  presented  so  clearly  and  forcibly  that  little 
remains  to  be  added  in  the  discussion.  Some  of  the  topics,  however, 
leave  room  for  amplification,  and  in  the  following  an  attempt  is  made 
to  bring  to  special  notice  the  question  of  the  permissible  limit  of 
error  in  registration  at  low  rates  of  discharge;  also  to  indicate  the 
durability  of  meters  by  giving  the  results  of  a  recent  examination  of 
a  large  number  of  small  meters  which  have  remained  in  use  for  long 
periods  of  time. 

Taking  conditions  as  they  actually  exist  for  the  usual  small  meters 
in  dwellings,  boarding  hoitses,  etc.,  where  water  is  not  used  for 
manufacturing  jjurposes,  it  can  be  said  that  not  more  than  300  galls, 
per  day  are  consumed  by  an  average  family  of  five  persons,  and  that 
such  use  almost  invariably  occurs  at  the  greatest  practicable  rate  of 
delivery,  or  with  the  faucet  wide  oj^en.  With  small  service  pipes  and 
moderate  pressures  in  the  street  mains,  a  maximum  discharge  of  200 
galls,  per  hour  through  the  meter  may  be  assumed,  so  that  for  a  con- 
sumi^tion  of  300  galls,  per  day  in  an  ordinary  dwelling,  having  all  its 
pipes  and  fixtures  in  perfect  order,  the  meter  is  in  operation  only  about 
1|^  hours,  and  is  consequently  idle  about  22i  hours  each  day.  If,  how- 
ever, the  pipes  or  fixtures  in  such  a  dwelling  are  defective,  the  leak- 
age during  the  latter  period  of  time  will  necessarily  pass  through  the 
meter,  and  unless  the  same  is  very  sensitive,  much  of  this  discharge 
may  escape  without  registration. 

The  writer  will  now  consider  the  magnitude  of  such  leakage  under 
ordinary  conditions  of  pressure  and  public  conscience.  Usually  the 
hot-water  faucets  are  the  first  to  commence  dribbling,  and  next  in 
order  come  the  ball-cocks  of  water-closet  tanks.  By  actual  measure- 
ment of  many  such  dribblings,  which  were  regarded  as  insignificant 
by  the  householders,  the  writer  has  found  a  discharge  of  from  3  to  6 
galls,  per  hour,  or  from  72  to  144  galls,  per  day,  from  a  single  faucet 
or  ball-cock;  and  in  many  other  cases  where  a  dwelling  was  supplied 
from  an  attic  tank  of  from  100  to  150  galls,  capacity,  and  with  the 
pipes  and  fixtures  apparently  in  fair  order,  it  was  found  that  when 
the  i^ressure  was  reduced  soon  after  midnight  to  such  extent  as  to 
prevent  water  from  entering  the  tank  through  the  open  ball-cock, 
there  would  be  little  water  available  for  use  6  or  8  hours  afterward, 
notwithstanding  that  none  of  the  fixtures  had  been  used  during  the 
night.  From  these  exjieriences,  the  writer  has  reached  the  conclusion 
that  the  leakage  from  defective  pipes  and  fixtures  in  an  average  dwell- 
ing,  during  the  aggregate  jjeriod  of  22i  hours  of  each  day  when  no 
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faucet  is  opened  by  any  of  the  occupants,  may  easily  become  as  large  Mr.  Kuichling. 
as  the  legitimate  consumption  before  it  attracts  the  notice  of  the 
householder.  It  therefore  follows  that  if  the  advantage  of  a  meter 
system  is  to  be  even  approximately  realized,  the  meters  must  be 
sensitive  enough  to  record  a  reasonable  percentage  of  a  leakage  which 
amounts  to  much  in  the  course  of  24  hours,  but  occurs  at  so  small  a 
rate  of  flow  as  to  appear  insignificant  in  comparison  with  the  discharge 
of  a  wide  open  faucet. 

The  question  now  arises  as  to  the  requisite  degree  of  sensitiveness 
or  registration  of  the  meter  under  these  low  discharges.  In  view  of 
the  fact  that  the  magnitude  of  the  leakage  may  easily  reach  25%  of 
the  entire  daily  delivery  of  the  water-works  system,  it  would  appear 
at  first  glance  that  the  meter  should  exhibit,  when  passing  water  at 
the  rate  of  about  72  galls,  in  24  hours,  or  3  galls,  per  hour,  a  registra- 
tion of  at  least  50%  of  this  quantity,  so  as  to  divide  the  loss  equally 
between  the  consumer  and  the  corporation  furnishing  the  water;  also, 
that  the  percentage  of  registration  should  rise  rajjidly  as  the  rate  of 
flow  increases,  so  as  to  be  practically  correct  when  the  water  is  drawn 
from  one  or  more  fully  open  faucets.  By  this  plan,  the  water-works 
will  be  i^aid  on  the  average  for  seven-eighths  of  the  total  delivery  to 
each  consumer,  and  its  business  can  accordingly  be  conducted  with  a 
reasonable  allowance  for  loss  by  under-registration,  and  without  un- 
duly increasing  the  price  of  the  water.  A  long  study  of  the  problem 
from  this  standpoint  has  convinced  the  writer  that  the  principle  just 
mentioned  is  sound,  and  it  only  remains  to  be  seen  whether  the  indi- 
cated degree  of  sensitiveness  can  readily  be  secured  by  meter  makers. 

An  examination  of  the  various  tests  submitted  and  cited  by  the 
aixthor,  as  well  as  of  those  previously  made  by  the  writer,  demon- 
strates that  nearly  all  the  meters  mentioned  in  the  paper  are  capable 
of  meeting  the  above-named  requirement,  and  hence  also  that  the 
jjrincipal  mechanical  difficulties  in  the  case  have  been  successfully 
overcome.  This  being  the  fact,  there  is  accordingly  no  valid  reason 
for  manufacturers  to  complain  of  unreasonable  demands  for  accuracy 
by  the  users  of  meters,  and  it  only  remains  for  them  to  devise  means 
of  making  their  jn-oducts  uniform  in  quality  as  well  as  low  in  price. 
It  should  also  be  stated  in  this  connection  that  the  aforesaid  efficiency 
or  "sensitiveness"  of  50%  registration  for  so  low  a  discharge  as  3 
galls,  per  hour  was  determined  about  9  years  ago  from  numerous 
experiments  with  several  "Crown"  and  "Thomson"  meters  of  the 
small  sizes  for  domestic  use,  and  that  the  curves  obtained  by  j^lotting 
the  percentages  of  accuracy  as  ordinates  to  the  corresponding  dis- 
charges in  gallons  per  hour  as  abscissas  were  closely  alike.  Further- 
more, these  tests  showed  that  in  both  styles  of  meter  the  efficiency 
rose  to  considerably  more  than  90%  for  a  flow  of  8  galls,  per  hour; 
and  as  this  rate  required  much  less  time  for  making  a  test  than  the 
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Mr.  Kuichling.  aforesaid  lower  rate,  it  was  accordingly  adopted  as  a  standard  for  use 
in  the  water  department,  along  with  a  corresponding  minimum  effi- 
ciency of  90  per  cent.  At  discharges  of  over  50  galls,  per  hour,  all  the 
small  meters  should  register  correctly  within  1  or  2  per  cent. 

With  respect  to  durability  and  maintained  accuracy  of  registra- 
tion, the  results  of  some  recent  examinations  of  small  meters  by  the 
writer  may  be  of  interest.  Before  being  set,  all  these  meters  were 
tested  and  found  to  register  within  the  aforesaid  limits,  and  they  have 
remained  in  place  undisturbed  for  the  periods  of  time  indicated. 
None  of  them  gave  evidence  of  being  defective,  and  they  were  tempo- 
rarily removed  only  for  the  purpose  of  ascertaining  their  condition. 
The  tests  for  acciiracy  of  registration  were  all  made  immediately  after 
removal,  and  befoi*e  taking  the  meters  apart  for  insjiecting  their  inte- 
rior condition.  If  found  worn  or  defective  in  any  respect,  the  neces- 
sary repairs  were  made,  whereupon  the  meters  were  re-tested  and 
replaced.  Unfortunately,  no  record  of  the  details  of  the  defects  and 
repairs  was  kept,  and  hence  the  results  of  the  examinations  are  only 
qualitative.  It  is  also  to  be  regretted  that  this  insjaection  has 
hitherto  embraced  only  a  few  styles  of  meter,  the  "Crown"  greatly 
predominating.  Furthermore,  the  water  which  passed  through  the 
meters  was  in  all  cases  clear  and  free  from  any  sediment  or  grit, 
except  such  as  might  come  occasionally  from  a  considerable  distur- 
bance of  the  distributing  system,  such  as  the  repair  of  broken  mains 
and  the  addition  of  new  lines  of  pipe,  whereby  more  or  less  roiliness 
of  the  water  is  generally  produced  for  short  times;  also,  except  the 
particles  of  rust  or  other  accretions  which  form  in  all  cast  or  wrought- 
iron  pipes  and  become  detached  when  the  flow  occurs  at  an  unusually 
high  velocity.  Table  No.  26,  moreover,  relates  to  only  a  few  repre- 
sentative cases  of  small  meters  taken  at  random  out  of  a  list  of  several 
hundred. 

TABLE  No.   26. 


Number 

style. 

of  ex- 
amples. 

Size. 

Inches. 

Crown 

4 

H 

"      

.S 

14 

"      

4 

"      

10 

y^ 

Hersey 

3 

% 

Union 

3 

s 

Thomson... 

2 

Number  of 
years  in 
uninter- 
rupted 
service. 


12  to  IG 

10  "  16 

12  "  15 

10  "  16 

1  "  3 

11  "  15 

2  "  4 


Low-Flow  Test. 


Rate  of 
discharge, 
in  gallons 
per  hour. 


*41  to  300 

*25  "    150 

11  "   15 

10  "    15 

9  "    13 

*15  "    .50 

15 


Ratio  of 

actual  to 

registered 

discharge. 


1.10  to  1.29 


1.04 
il.09 
0.99 
0.99 
1.00 
0.98 


1.11 
1.14 
1.07 
1.10 


High-Flow  Test. 


Rate  of 
discharge, 
in  gallons 
per  hour. 


Ratio  of 
actual  to 
registered 
discharge. 


900tol  020  1.06  to  1.18 


903 
830 
830 
980 


1.16  1080 
1.191    930 


930  1.03 

9.30  1.00 

980  1.00 

1300  0.97 

1200,0.98 

1060  0.97 


1.07 
1.09 
1.06 
1.02 
1.00 
1.00 


Note. — *  Denotes  that  no  reeistration  occurred  for  lower  rates  of  discliarge  than 
those  mentioned  in  the  fifth  column.  In  these  cases  there  was  always  some  slight  defect 
of  piston  or  gearing  which  caused  undue  friction. 
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An  inspection  of  Table  No.  26  shows  clearly  that  the  meters  men-  Mr.  Kuichling. 
tioned  afford  little  room  for  adverse  criticism,  so  far  as  durability  and 
continued  acciiracy  of  registration  are  concerned  provided  that  the  water 
l^assing  throu.gh  them  is  practically  free  from  grit,  and  that  proper 
care  is  taken  in  their  mauufactiire.  This  latter  remark  is  prompted  by 
the  fact  that  in  the  aforesaid  examination  a  meter  was  occasionally 
found  which  did  not  exhibit  first-class  workmanship  or  materials,  and 
consequently  gave  a  considerably  larger  ratio  of  actual  to  registered 
discharge,  at  both  low  and  high  flows,  than  appears  in  the  table.  The 
remedy  for  this  condition  necessarily  lies  with  the  makers,  and  can, 
doubtless,  be  attained  by  a  more  rigid  system  of  shop  inspection. 

With  respect  to  the  design,  accuracy  and  diirability  of  the  smaller 
sizes  of  meters,  it  thus  appears  that  the  mechanical  problem  has  been 
Ijractically  solved,  and  that  there  now  remains  only  the  matter  of  im- 
Ijrovement  and  commercial  develoj)ment.  Between  the  different  types 
or  styles  there  seems  to  be  little  choice,  except  as  to  cost,  original 
workmanship  and  facility  or  economy  of  making  rej^airs;  and  in  these 
respects  the  disc  meters  possess  an  undoubted  advantage  over  those 
which  are  jsrovided  with  rotating  pistons.  The  writer,  therefore, 
agrees  thoroughly  with  the  author  in  the  belief  that  most  of  the  water 
meters  now  in  the  market  are  reliable  and  durable,  and  that  their  use 
should  become  an  essential  feature  of  all  systems  of  public  water 
supply. 

Geokge  W.  Rafter,  M.  Am.  Soc.  C.  E. — The  author's  proposition,  Mr.  Rafter, 
that  all  water  services  should  be  metered,  while  strongly  held  to  by 
many  water-works  managers,  has  always  seemed  to  the  writer  to  be  so 
far  unsettled  that  it  is  at  any  rate  still  debatable.  It  is  from  this  point 
of  view  that  the  opposite  ground  will  be  briefly  traversed  in  this  dis- 
cussion. 

To  begin  with,  the  writer  agrees  that  there  are  always  some  services 
in  regard  to  which  there  can  be  no  question  as  to  the  propriety  of  ap- 
l^lying  meters.  The  difficulty  appears  to  be  to  decide  just  when  to 
stop.  The  author  says  meter  everything.  To  this  the  writer  objects, 
on  the  ground  that  such  procedure  entails,  under  the  unbusiness-like 
methods  which  generally  prevail  in  American  cities  and  towns,  a  bill 
of  expense,  the  end  of  which  no  one  can  foresee.  The  tendency  in 
nearly  all  municipal  business  is  to  emjaloy  mediocrity  at  an  ever-in- 
creasing scale  of  wages.  The  selection  of  the  author,  as  Water- Works 
Trustee  at  Wyoming,  is  merely  the  exception  that  proves  the  rule,  and 
cannot  be  taken  to  indicate  any  general  tendency  to  substitute  business 
methods  in  place  of  political  favoritism  in  municipalities.  On  this 
point,  however,  the  writer  does  not  want  to  be  too  insistent,  because 
he  recognizes  that  there  is  now  a  struggle,  in  American  municipalities, 
between  the  spirit  of  expediency,  on  the  one  hand,  and  the  scientific 
spirit,  on  the  other.     In  such  a  struggle  the  engineer  ought  to  be  an 
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Mr.  Rafter,  important  factor,  if  for  no  other  reason  than  that  he  is  the  one  man  in 
the  commiinitv  with  some  technical  knowledge  of  municipal  business. 
Indeed,  if  engineers  and  other  technical  people  do  their  part,  the 
struggle  between  expediency  and  science  may  in  the  end  win  out  in  favor 
of  science;  and  when  that  day  arrives  the  writer  will  be  more  disposed 
to  accept  the  author's  dictum  on  universal  metering. 

It  seems  clear  to  the  writer  that,  before  extensively  adopting  meters, 
the  cost  of  maintenance  should  be  carefully  considered.  Complete 
statistics,  covering  all  the  items  of  cost  for  a  series  of  years,  are,  how- 
ever, still  qiiite  rare,  although  in  a  few  cities,  as  at  Rochester,  N.  Y., 
enough  has  been  learned  to  indicate  the  general  trend.  The  meter 
department  in  Rochester  was  established  under  the  direction  of  the 
former  chief  engineer,  J.  Nelson  Tubbs,  M.  Am.  Soc.  C.  E. ,  who  was 
satisfied  that  the  cost  i^er  meter  ought  not  to  exceed  about  .^1.50  per 
year,  after  the  number  in  use  became  large  enough  to  give  good  aver- 
ages.. The  system  of  accounts,  as  designed  by  Mr.  Tubbs,  is  very 
complete,  and  reference  may  therefore  be  made  to  the  Rochester  sta- 
tistics as  embodying,  probably,  as  complete  information  as  can  be 
obtained  anywhere.  That  the  figures  have  not  justified  Mr.  Tubb's 
original  view  may  be  ascribed  largely  to  the  deterrent  efiect  of 
municipal  jiolitics. 

By  way  of  showing  the  Rochester  meter  statistics,  Table  No.  27  has 
been  compiled  from  the  Annual  Report  of  the  Executive  Board  of  that 
city,  Avherein  appear  the  essential  figures  of  cost  for  the  thirteen  years 
from  1886  to  1897  inclusive. 

Column  {5}  gives  the  amount  received  from  meters  sold  to  con- 
sumers. The  Rochester  Water- Works  adopted  the  plan  of  metering 
some  services  at  iDublic  expense;  whereas  others  are  metered  only  at 
the  expense  of  the  consumer,  an  attempt  being  made  to  distinguish  be- 
tween those  requiring  metering,  as  a  matter  of  public  policy,  and  those 
where  meters  presumably  decrease  the  annual  water  rate  to  the  con- 
sumer, somewhat.  In  Table  No.  27,  the  cost  of  these  latter  is  included 
as  a  i^art  of  the  total  expense  of  the  meter  department,  for  the  reason 
that,  as  a  matter  of  final  expense  to  the  whole  community,  it  does  not 
matter  whether  the  meters  are  i^aid  for  by  the  municipality  or  by  in- 
dividual citizens  who  are  water  takers.  It  seems  quite  clear  to  the 
wi'iter,  therefore,  that  all  items  of  expense  attaching  to  metei'sso  jsaid 
for  should  be  included  as  an  element  of  the  final  cost  of  the  meter 
dejiartment  in  any  city  where  the  system  in  vogue  at  Rochester  is 
pursued.  It  is  fair,  however,  to  separate  this  item  in  such  statistics 
as  are  included  in  Table  No.  27. 

As  regards  the  number  of  services  in  use  at  the  end  of  each  fiscal 
year,  as  per  Column  (8),  it  may  be  remarked  that  the  statistics  given 
in  the  anniial  rejDorts  since  1890  aj^pear  somewhat  uncertain,  although 
it  is  probable  that  the  figures  of  Column  (8)  are  so  nearly  right  as  to 
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Mr.  Rafter,  permit  their  use  without  material  error.  In  the  same  way,  the  popu- 
lation figures,  as  i3er  Column  (10),  are  apjDroximate,  except  for  the 
census  year  1890,  in  which  the  total  jjopulation  is  given  at  133  896. 
The  figures  of  Column  (10)  are  intended  as  approximate  means  for  each 
fiscal  year. 

The  previous  remarks  in  regard  to  the  uncertainty  as  to  the  num- 
ber of  services  in  Column  (8)  also  apply  to  the  number  of  new  services 
as  i^er  Column  (12). 

The  statistics  of  the  number  of  meters  permanently  removed  for 
various  causes  are  first  given  for  the  fiscal  year  ending  April  6th,  1891. 
The  interesting  fact  that,  in  the  years  from  1891  to  1897,  inclusive,  a 
total  of  1  420  meters  was  permanently  removed  for  various  causes,  is 
brought  out  by  Column  (13),  in  which  these  figures  appear. 

Table  No.  27  is  so  clearly  self-explanatory  as  to  render  further  dis- 
cussion unnecessary.  It  seems  to  the  writer  to  justify  clearly  the 
position  taken  at  the  beginning  of  his  discussion,  that  the  propriety 
of  universal  metering,  under  existing  conditions,  in  American  muni- 
cipalities is,  at  any  rate,  a  debatable  question.  It  may  be  pointed  out, 
however,  that  the  figures  of  Column  (17)  do  not  take  into  account  any 
allowance  for  interest  on  money  invested,  sinking  fund,  or  for  meters 
permanently  removed  and  going  to  the  scrap  heap;  nor  do  they  include 
additional  service  in  the  business  office  on  account  of  the  greater  com- 
plication of  meter  accounts.  Making  an  addition  for  these  several 
items,  the  average  cost  per  meter,  for  the  period  covered  by  Table  No. 
27,  becomes  about  $4.40,  instead  of  83.28,  as  given  at  the  foot  of 
Column  (17). 
Mr.  Le  Conte.  L.  J.  Le  Conte,  M.  Am.  Soc.  C.  E. — The  writer  is  a  firm  believer  in 
water  meters  being  the  best  and  only  equitable  controllers  of  water 
waste.  It  is  true  that  some  meters  will  not  register  small  leaks  in 
plumbing,  but  this  fact  is  not  a  matter  of  vital  import  in  the  great  prob- 
lem, taken  as  a  whole.  The  main  feature  which  must  not  be  lost  sight 
of  is  that  the  jaercentage  of  waste  which  it  is  desired  to  suppress,  by  the 
introduction  of  meters,  is  not  15  to  20^  of  the  total  water  supply,  but 
is  far  more  likely  to  be  65  to  70  per  cent.  Hence,  in  a  broad  sense,  it  is 
useless  to  discuss  small  percentages.  Many  writers  are  continually 
harping  ujjon  the  supjDosed  fact  that  small  leaks,  due  to  defective 
plumbing  alone,  constitute  the  main  source  of  water  waste.  This 
may  be  true  in  isolated  cases  on  a  small  scale,  but,  generally  speak- 
ing, it  is  far  from  true,  because  instances  are  now  too  numerous 
where  meters  have  been  suddenly  introduced,  and,  as  a  result,  that  in- 
fallible test,  the  coal-bill  at  the  pumi^ing-works  has  been  likewise 
suddenly  reduced  as  miich  as  40  per  cent.  SiTch  close  relation  between 
causes  and  effects  leaves  little  or  no  room  for  doubt  or  discussion. 

The  main  trouble  is  willful  waste.  A  careful  study  of  the  extrava- 
gant consumption  of  water  in  any  modem  city,  supplying  water  to 
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consumers  without  the  use  of  meters,   will  generally  lead  to  a  sub-  Mr.  Le  Conte. 
division  of  the  subject  into  three  categories : 

First. — Legitimate  consumption  equals  40,"^  of  the  total  water 
supply. 

Second. — Willful  waste  equals  iO^^  of  the  total  supply. 

Third. — Defective  plumbing  and  leaky  valves  and  joints  in  the  dis- 
tribution system  equal,  say,  20%"  of  the  total  supply. 

Now,  the  first  two  can  and  will  be  controlled  most  eflfectually  by 
meters,  while  the  third  will  certainly  be  very  materially  reduced  by 
the  fact  that  the  general  adoption  of  the  meter  system  will  itself  invar- 
iably enforce  the  introduction  of  a  much  higher  class  of  plumbing 
work  throughout  the  city.  This,  of  course,  means  a  less  number  of 
small  leaks  such  as  the  meters  are  unable  to  register. 

The  accuracy  of  the  meters  tested  by  the  author  is  certainly  quite 
remarkable,  and  the  writer  thinks  they  are  really  more  accurate  than  the 
exigencies  of  the  case  require.  If  the  meters  have  an  error  of  7  to  8^5', 
that  certainly  cuts  no  figure  in  the  water-waste  problem,  and  since 
this  error  is  in  all  cases,  practically,  in  favor  of  the  consumers,  they 
have  no  just  ground  for  complaint. 

As  to  the  durability  of  meters,  one  can  only  speak  in  a  broad,  gen- 
eral way,  since  local  circumstances  have  great  weight  in  all  cases. 
The  average  life  of  a  meter,  which  it  is  reasonable  to  expect, 
depends  chiefly  upon  the  character  of  the  water.  In  localities  where 
the  supply  is  taken  and  delivered  directly  from  rivers,  the  waters 
of  which  are  heavily  charged  with  siliceous  sediment,  the  wear 
and  tear  on  the  meters  is,  of  course,  enormous,  and  the  apparatus 
is  practically  used  up  in  from  2  to  5  years;  the  repairs  being  corre- 
spondingly heavy.  In  all  such  places  it  does  not  pay  to  furnish 
meters  except  to  control  the  supply  to  the  largest  consumers.  The 
smaller  ones  can  best  be  held  in  check  by  inspection  from  time  to 
time.  Where  the  water  supply  is  naturally  clean,  or  is  made  so 
by  sedimentation;  or,  better  still,  by  filtration,  then  the  water  pass- 
ing through  the  meters  is  practically  free  from  silty  materials,  and, 
under  favorable  circumstances,  the  life  of  the  meter  may  and  does 
become  very  much  prolonged,  possibly  15  to  16  years  or  more.  In 
such  cases  the  item  of  annual  repairs  will  be  comparatively  light,  not 
to  exceed,  say,  2  to  3%  of  the  first  cost.  It  may  be  fairly  stated  that 
the  grand  average  useful  life  of  a  meter  is  approximately  10  to  12 
years  of  very  fair  service,  assuming  that  it  is  given  ordinary  attention 
and  care. 

A  good  new  meter  will  register  within"  1.5  or  2%  easily,  and  the  an- 
nual increment  of  this  error  will  generally  be  something  less  than  1% 
— sometimes  much  less. 

The  writer  agrees  with  the  author  in  the  statement  that  the  only  fair 
and  honest  way  to  sell  water  is  by  meter  measurement. 
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Mr.  Hill.  John  W.  Hill,  M.  Am.  Soc.  C.  E. — Considering  the  several  criti- 
cisms on  the  i^aper;  some  of  these  undoubtedly  are  just,  and,  within 
the  time  at  the  author's  disi^osal,  the  errors  and  omissions  will  be  cor- 
rected. 

When  the  tests  were  started  they  had  only  one  object  in  view,  viz., 
a  comparison,  upon  a  uniform  footing,  of  the  less  expensive  with  the 
more  expensive  water  meters,  under  all  the  conditions  of  daily  service 
liaVile  to  occur  in  the  use  of  meters  on  domestic  service  pipes,  and,  to 
avoid  the  chance  of  error  in  the  work,  every  jDrecaution  was  taken, 
within  the  limits  of  the  crude  apparatus  with  which  the  author  was 
compelled  to  work. 

Eeferring  to  the  temperature  of  water  which  was  taken  for  each 
test:  The  discharge  of  the  meters  being  noted  in  pounds,  this  weight 
was  divided  by  the  weight  of  water  per  cubic  foot  at  observed  tempera- 
ture, to  reduce  the  discharge  to  the  same  kind  of  unit  measurement  as 
the  registry  of  the  meters,  i.  e.,  cubic  feet,  and  it  was  just  as  convenient 
to  divide  the  weight  of  the  contents  of  the  cask  by  the  weight  due  to 
the  actual  temperature  of  the  water  as  by  any  other  weight.  The 
author  does  not  regard  this  as  a  refinement,  but  as  an  essential  part  of 
the  data  in  a  series  of  tests  of  this  nature. 

The  scale  was  in  excellent  order,  and  during  the  experiments  was 
often  tested  for  "sensitiveness"  by  the  addition  and  subtraction  of 
small  weights,  and  for  accuracy,  by  test  weights  of  known  value.  The 
cask  was  bottle  tight,  and  to  prove  the  absence  of  leakage  was  filled, 
weighed  and  allowed  to  remain  over  night,  without  change  of  weight. 
The  apparatus  was  so  arranged  that  no  water  could  reach  the  cask  un- 
less it  came  through  the  meter  under  test. 

The  author  cannot  quite  agree  with  Mr.  Smith  that  the  errors  of 
measurement  found  with  the  smaller  orifices  should  be  excluded  in 
stating  the  average  error  of  water  meters.  If  the  meter  would  never 
be  required,  or  infrequently  required,  to  measure  the  small  streams  of 
10  to  42  galls,  per  hour,  then  the  average  based  upon  these  and  larger 
streams  together,  would  be  manifestly  fair;  but  it  is  a  fact  generally 
recognized  that  the  leaks  in  domestic  water  appliances  are  conditions 
that  must  be  met  if  the  water  meter  does  its  whole  duty;  and  it  is  the 
supi^osed  incapacity  of  water  meters  to  jjroperly  account  for  the  small 
streams  represented  by  leaks  which  has  been  one  of  the  objections  urged 
by  water-works  managers  to  the  general  adoption  of  the  meter  system 
on  domestic  service  pipes. 

The  author  is  heartily  in  accord  with  Mr.  Kuichling's  view,  that  a 
reliable  water  meter  should  give  a  reasonable  account  of  the  leaks  of 
pijDes  and  fittings  in  domestic  plumbing,  and  it  is  gratifying  to  know 
that  the  modern  meter  is  abundantly  capable  of  doing  this,  with  a  de- 
gree of  accuracy  which,  in  some  instances  (shown  by  Table  No.  1),  is 
really  marvelous. 
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The  four  Trident  meters  tested  were  not  provided  with  extension  Mr.  Hill, 
dials,  and  only  one  of  these  (No.  23  176)  had  been  in  service  prior  to 
these  tests,  but  this  meter  was  taken  off  the  service  pipe  and  tested 
withoiit  opening  and  cleaning  it,  and,  except  for  the  small  stream  of  11 
galls,  per  hour,  gave  quite  as  good  results  as  the  unused  meters.  The 
simplicity  of  construction,  strength,  and  general  adaptation  to  practi- 
cal uses  of  this  meter  appealed  so  strongly  to  the  author  as  to  justify 
him  in  recommending  it  as  one  of  the  few  meters  to  be  adopted  for  use 
by  the  Trustees  of  the  Wyoming  Water- Works. 

With  reference  to  the  test  of  strength  of  the  working  parts  of  meters 
by  suddenly  applying  water  pressures  of  100  lbs.,  more  or  less,  it  must 
not  ba  overlooked  that  this  was  an  unbalanced  pressure,  the  pressure  on 
the  outlet  side  of  the  meter  at  such  times  being  the  atmosphere.  With 
a  meter  connected  in  the  line  of  service  pij^e  such  a  test  as  Mr. 
Thomson  very  properly  suggests  could  have  no  significance,  because 
the  pressure  upon  both  sides  of  the  meter  would  be  approximately 
alike,  l^ut  the  sudden  application  of  this  pressure  to  a  meter 
with  no  resistance  above  the  atmosphere  upon  the  outlet  side,  sub- 
jects it  to  a  shock  which  will  seldom  occur  in  practice,  and  if  the 
meter  is  not  well  built,  such  treatment,  often  repeated,  is  very  liable 
to  injure  it. 

Mr.  Thomson  has  misunderstood  the  author  with  regard  to  the 
character  of  the  water  passed  through  these  tested  meters.  The 
Wyoming  water  is  of  high  purity,  and  carries  no  sand  or  grit,  and 
excei^ting  the  salts  of  iron,  it  contains  no  material  calculated  to  have 
any  deleterious  influence  on  the  long-continued  operation  of  a  water 
meter.  The  3-in.  hot-water  Worthingtou  meters,  however,  were  tested 
with  Ohio  River  water,  which,  among  other  inferior  qualities  that  it 
possesses,  carries  a  large  amount  of  gritty  suspended  matter.  Mr. 
Thomson  also  regards  the  obstruction  of  meter  or  loss  of  head  gener- 
ally as  of  no  great  importance,  while  Mr.  Smith  thinks  the  importance 
of  the  loss  of  head  cannot  be  overestimated.  This  wide  disagreement 
of  two  eminent  experts  on  water  meters  is  very  painful  to  the  author, 
and  he  would  suggest  that  if  these  gentlemen  will  get  together  and 
reach  a  compromise  view,  he  will  gladly  accept  their  joint  decision. 
Meanwhile,  the  author  is  of  the  opinion  that,  without  injury  to  the 
meter  itself,  efforts  should  be  made  to  secure  a  construction  which 
will  absorb  the  least  portion  of  the  static  head  in  overcoming  meter 
resistances. 

It  was  thought  by  the  author  that  the  figures  in  the  column  headed 
"Ratio  of  Tank  to  Meter  "  in  Table  No.  1,  would  readily  convey  to 
the  reader's  mind  a  correct  conception  of  the  relation  of  the  meter 
registry  to  the  actual  quantity  of  water  discharged,  without  the  aid  of 
diagrams.  To  remedy  this  emission,  the  ciirves  on  the  diagrams, 
Figs.  17  and  18,  have  been  plotted  with  the  reciprocals  of  the  quanti- 


404  CORRESPONDENCE    ON   TESTS   OF    WATER    METERS. 

Mr.  Hill,  ties  in  the  seventh  column  of  the  table,  and  the  discharges  of  the 
meters  in  gallons  per  minute,  as  co-ordinates,  Fig.  17  containing  the 
data  obtained  from  the  tests  for  sensitiveness  of  the  piston  and 
inferential  meters,  and  Fig.  18  the  same  data  obtained  from  the  disc 
meters. 

The  author's  reason  for  comparing  the  actual  discharge  of  a  meter 
for  any  given  standard  orifice,  with  the  discharge  obtained  from  the 
curve,  is  as  follows: 

During  the  tests  for  accuracy  of  measurement  and  sensitiveness  to 
varying  rates  of  discharge,  the  pressures  were  taken  only  on  the  inlet 
side  of  the  meters.  From  these  tests  the  data  of  Table  No.  1  were 
obtained.  Afterward  the  plain  pipe  was  substituted  for  the  meters  and 
the  data  of  Table  No.  6  obtained;  and  finally  the  apparatus  was  further 
altered  to  take  pressures  on  both  sides  of  the  meter,  and  the  data  of 
Table  No.  5  were  noted,  but  at  this  time,  owing  to  press  of  other 
duties,  the  notes  were  limited  to  the  pressures  on  the  inlet  and  outlet 
jjipes,  and  no  note  was  taken  of  the  reading  of  the  meter  or  the  actual 
discharge  of  water. 

The  author,  however,  had  no  reason  to  believe  that  any  change 
occurred  in  any  meter  which  would  cause  its  discharge  for  a  given 
pressure  on  the  inlet  side  and  given  standard  orifice,  to  vary  from  the 
discharge  for  the  same  pressure  and  orifice  when  the  notes  for  Table 
No.  1  were  being  taken,  and,  for  example,  assumed  that  with  29  lbs. 
l^ressure  on  the  inlet  side  of  the  Worthington  meter,  the  discharge 
was  the  same  as  when  this  pressure  occurred  during  the  tests  for  ac- 
curacy and  sensitiveness. 

The  curves  were  based  upon  the  actual  discharge  at  the  pressures 
noted  in  Table  No.  6,  and  are  theoretical  only  so  far  as  the  well-known 
laws  of  hydraulics  are  held  to  ajjply  to  the  discharges  of  the  jjlain 
pipe  by  pressures  at  the  inlet  side,  above  and  below  the  jjressures 
noted  in  the  table. 

Upon  reflection,  however,  the  author  thinks  Mr.  Thomson  may  be 
correct  in  assuming  that  the  discharge  of  the  meters  should  be  com- 
pared with  the  discharge  of  the  plain  pipe,  and  not  with  an  assumed  dis- 
charge of  the  pipe  under  the  pressure  which  was  had  on  the  inlet  side  of 
the  meters  during  the  tests,  for  such  pressure  could  not  obtain  with  the 
plain  pipe,  because  more  of  the  static  head  is  expended  in  producing 
velocity,  and  less  in  overcoming  frictional  and  other  resistances. 
Therefore,  the  assiimed  head  on  the  plain  pipe  is  an  imi^ossible  head 
under  the  conditions  of  the  author's  tests,  and  could  be  had  only  by 
a  large  increase  ol  the  static  pressure  on  the  service  pipe,  which  in  a 
reservoir  water- works  is  not  conveniently  to  be  had.  With  this  ex- 
planation, the  author  submits  Table  No.  28,  showing  the  relation  of 
the  actual  discharge  of  the  meters  to  the  jsossible  discharge  of  the 
unmetered  service  i^ipe.     This  table  ignores  the  diff'erences  of  pressiire 
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Mr.  Hill,  on  the  inlet  side  of  the  meter  and  on  the  inlet  side  of  the  plain  pijie. 
The  data  for  Table  No.  28  are  derived  from  Tables  Nos.  6  and  7. 

TABLE  No.  28. — Keduced  Dischaege  of  Service  Pipe  by  Inteodiiction 

OF  Meters. 


Bleter. 


Gallons  per  hour, 
by  meter. 


Gallons  per  hour, 
plain  pipe. 


Percentage  of 
reduced  capacity. 


Worthington. 

Crown 

Hersey 

Empire 

Union 


Worthington. 

Crown. 

Hersey 

Empire 

Union 


"Worthington  . 

Crown 

Hersey 

Empire 

Union 


Nash 

Hersev 

Trideiit.  No.  23  178..., 
Trident,  No.  23179..., 
Trident,  No.  23  180..., 
Trident.  No.  23  176  .. 
Pittsburg,  No,  8  Oil  , 
Pittsburg,  No.  10  798  , 

Niagara 

Standard , 

Lambert , 


Nash 

Hersev 

Trident.  No.  23  176... 
Pittsburg,  No.  8  011. 
Pittsburg.  No.  10  798. 

Niagara 

Standard  

Lambert 


Nash 

Heisev 

Triileiit.  No.  23178... 
Trident.  No.  23  179... 
Trident.  No.  23  180... 
Trident.  No.  23176... 
Pittsburg,  No.  8  Oil 
Pittsburg.  No.  10  798 

Niagara 

Standard 

Lambert 


Piston  Meters. 
828.27 
872.85 
913.52 
746.60 
940.94 

531.30 
546.31 
559.95 
503.90 
581.90 

172.25 
172.68 
172.58 
167.44 
178.06 


S61.49 


577.37 


174.42 


933 

868 
926 
900 
873 
915 
896 
907 
8fl4 
938 
911 


Disc  Meters. 
14 

,87 
,78 
,72 
18 
,81 
92 
36 
,93 
18 
27 


573.79 
556.68 
.556.23 
.548.74 
5.57.06 
548.71 
571-70 
560.57 

172.70 
172.11 
173.52 
169.19 
167.95 
174.. 50 
175.71 
170.71 
168.95 
175.23 
173.03 


961.49 


174.42 


86.14 
90.78 
95.01 
77.65 
97.86 

92.02 
94.62 
96.5,8 

87.28 
100.78 

98.76 
99.00 
98.05 
96  00 
102.09 


97.05 
90.37 
96.39 
93.68 
90.82 
'5.25 
93.28 
94.37 
93.08 
97.58 
94.78 

99.38 
96.42 
96.34 
95.04 
96.48 
95.04 
99.02 
97.09 

99.01 
98.68 
99.48 
97.00 
96.29 
100.05 
100.74 
97.87 
96.86 
100.46 
99.20 


Columbia 

Columbia 

Columbia 

Inferential 
762.43 
.511.99 
173.93 

Meter. 

961.49 
577.37 
174.42 

79.30 
88.68 
99.15 

The  anomaly  is  i^resented  in  this  table  of  some  of  the  meters  pass- 
ing more  water  than  the  numetered  pipe,  but  this,  it  will  be  observed, 
upon  referring  to  Tables  Nos.  6  and  7,  is  due  to  a  greater  static  head 
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Mr.  Hill,  on  the  service  pipe  at  times  of  testing  certain  meters  than  at  the  time 
of  testing  the  discharge  of  the  j^lain  pipe. 

The  percentage  losses  of  head  in  Table  No.  5  and  the  percentage 
reduction  of  capacity  of  the  service  pipe  by  meter  (Table  No.  7)  were 
intended  only  to  show  what  these  data  were  under  the  conditions  of 
the  tests  described  by  the  author.  To  remedy  one  objection  to  Table 
No.  5,  the  author  has  computed  the  discharge  of  the  meter  in  gallons 
per  miniate,  which,  with  the  losses  of  head  in  pounds  per  square  inch, 
given  in  column  5,  furnishes  the  co-ordinates  of  the  curves  on  the  dia- 
grams (Figs.  19  and  20). 

It  is  true  that  the  introduction  of  the  meter  system  for  water 
measurement  represents  to  any  community  a  comijaratively  large  out- 
lay, and  the  maintenance  of  the  system  a  continual  expense,  but  the 
author  believes  that  the  equity  in  charges  for  water  service  by  the 
meter  system  will  be  justified,  both  to  the  consumer  and  the  mtinicipal 
corporation,  and  in  the  end  both  will  be  gainers.  The  practice  of  al- 
lowing "  John  Smith  "  to  draw  and  waste  all  the  water  he  can  from  a 
given  service  pipe,  by  jDaying  so  many  dollars  per  year,  answered  the 
purjiose  in  the  days  of  high  water  charges  and  expensive  water  meters, 
but  with  a  constant  shrinking  of  charges  for  water,  and  low-jiriced, 
accurate,  durable  water  meters,  this  primitive  practice  should  no  longer 
prevail,  and  measurement  of  the  water  actually  drawn  should  be  sub- 
stituted for  a  wild  guess  as  to  the  probable  consumption  by  an  average 
household. 

The  statistics,  from  the  records  of  the  Rochester  Water  Department^ 
of  water  consumption  and  meter  measurement,  presented  by  Mr. 
Rafter,  are  very  interesting  and  instructive,  and  might  be  amended 
by  another  column  in  the  Table  (No.  27)  showing  the  saving  to  the 
water  department  in  those  instances  where  meters  are  used,  by  the 
substitution  of  meters  for  survey  rates.  Aside  from  the  fact  that  the 
universal  metering  of  service  jiipes  gives  the  water-works  manager  a 
comi3lete  command  of  the  commodity  which  he  is  distributing,  and 
l^roportions  the  burden  of  cost  among  the  customers  more  equitably 
than  by  the  survey  system,  it  admits  of  such  aa  adjustment  of  the 
water  rates  as  will  jjroduce  the  revenue  necessary  for  the  projjer  sup- 
port of  this  branch  of  the  municipal  government,  without  favoring  one 
class  of  consumers  at  the  exjjense  of  another. 

Referring  to  the  consumption  of  water  j^er  average  household.  This 
is  a  matter  which  admits  of  wide  discussion.  Data  have  come  into  the 
author's  possession  which  show  the  daily  per  capita  consumption  to 
range  from  7.5  to  22  galls.,  including  all  the  iisual  purposes  to  which 
water  is  ajjplied  about  a  modern  residence.  These  figures  correspond 
to  2  200  and  6  440  cu.  ft.  per  year  for  a  hoiisehold  of  six  jjersons.  Mr. 
Smith  estimates  10  000  cu.  ft.  as  the  average  annual  work  of  a  |-in. 
water  meter,  while  Mr.  Harlow  finds  from  five  years'  records  for  Wil- 
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kinsbtirg,  Pa.,  an  average  consumption  of  7  500  cu.  ft.  per  annum  per  Mr.  Hill, 
household.  Mr.  Kiiichling's  estimate  of  60  galls,  per  capita  jjer  diem 
represents  an  average  consumption  of  17  570  cu.  ft.  jjer  annum  for  a 
household  of  six  persons,  but  this,  doubtless,  is  intended  to  inchide 
the  public  consumption  of  water  for  street  sprinkling,  sewer  flushing, 
extinguishment  of  fires,  and  perhaps  other  uses  in  addition  to  the 
purely  domestic  consumption  by  a  family.  Dexter  Brackett,  M, 
Am.  Soc.  C.  E.,*from  investigations  in  Boston  and  other  cities,  fur- 
nishes data  for  the  following  anniial  minimum  and  maximum  con- 
sumption for  a  family  of  six  persons : 

Cubic  feet  per  annum. 

Boston,  Mass 4  860  —  17  274 

Worcester,  Maas 3  572  —     6  850 

Fall  Eiver,  Mass 2  460  —     7  466 

Newton,  Mass 2  020—     7  759 

Yonkers,  N.  Y.  (average) 6  266 

The  author's  experience  indicates  that  the  consumption  for  purely 
domestic  purposes  by  a  family  of  six  persons  will  vary  from  4  500  to 
10  700  cu.  ft.  per  year.  The  larger  consumption,  in  all  instances,  is  for 
houses  fitted  Avith  modern  plumbing,  and  the  use  of  water  for  private 
stables,  and  the  smaller  consumption  for  houses  with  less  preten- 
tious water  ai^pliances  and  the  consumption  of  water  limited  to  house 
use. 

In  closing  this  discussion  the  author  wishes  to  thank  the  members 
of  the  Society  who  have  so  earnestly  and  ably  participated  in  the  dis- 
cussion of  a  subject  of  constantly  growing  interest  and  importance  to 
municipal  corporations  and  water  consumers.  He  felt  that  there  must 
be  locked  up  somewhere  a  large  amount  of  valuable  information  upon 
the  "  accuracy  and  durability  in  service  of  water  meters  "  and  that  a 
random  shot,  well  sped,  might  discover  some  of  it.  That  this  opinion 
was  well  founded  is  demonstrated  by  the  valuable  matter  brought  out 
in  the  discussion  of  this  brief  paper.  Doubtless  other  papers  and  dis- 
cussions of  this  topic  in  the  future  will  go  far  toward  overcoming  the 
hesitation  of  many  water- works  officials  in  the  general  adoption  of  the 
meter  system  of  water  measurement. 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxxiv,  p.  189. 
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SOME  EXPERIMENTS   ON   BRIDGES  UNDER  MOV- 
ING  TRAIN-LOADS. 


By  F.  E.  TuKNEAURE,  Assoc.  Am.  Soc.  C.  E. 
Presented  December  7th,  1898. 


WITH  DISCUSSION. 
Introductory. 

All  specifications  for  x'ailroad  bridges  recognize  in  some  way  the 
principle  that  more  liberal  provision  should  be  made  for  the  stresses 
due  to  moving  loads  than  for  those  due  to  fixed  loads.  In  some  specifi- 
cations the  method  of  treatment  apj^ears  to  be  based  entirely  ujoon  the 
theory  of  the  fatigue  of  metals,  and  the  intensity  of  stress  is  determined 

by  a  form  Ilia  of  the  form :  p  ^  a  (  1  +  ^ — -  )  •    In  others  the  element 

of  fatigue  is  not  considered,  but  the  live-load  stresses  are  increased  by  a 
certain  percentage  "for impact,"  and  then  treated  as  dead-load  stresses, 
thus  assuming  that  the  only  difference  between  the  efi"ects  of  live  and 
dead  loads  arises  from  the  fact  that  the  actual  stresses  produced  by 
moving  loads  are  greater  than  those  produced  by  the  same  loads  when 
stationary.  Still  other  specifications  take  account  of  both  fatigue  and 
impact. 
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While  all  engineers  are  agreed  tliat  some  extra  allowance  must  be  made 
for  live  loads,  vet  there  exists  the  widest  difference  of  opinion  as  to  how 
miich  this  allowance  should  be  and  how  it  should  be  distributed  among 
the  different  members  of  the  bridge.  It  is  certainly  logical  that  if  both 
fatigue  and  impact  exist,  both  should  V)e  provided  for,  although,  per- 
haps, by  a  single  formula;  but  before  such  a  formula  can  be  determined 
the  two  eflfects  must  be  considered  sejiarately.  Considerable  agreement 
has  been  reached  in  the  matter  of  fatigue  formulas,  but,  owing  to  the 
lack  of  reliable  data,  impact  formulas  are,  at  the  present  time,  largely  a 
matter  of  guess  work. 

In  the  hope  of  contributing  something  to  the  solution  of  this  prob- 
lem, the  author,  during  the  summer  of  1897,  carried  out  a  series  of  ex- 
periments on  several  bridges  of  widely  varying  span  and  design;  and  it 
is  the  purpose  of  this  paper  to  jjreseut  the  results  of  these  tests,  to- 
gether v/ith  a  description  of  the  apparatus  used,  and  a  discussion  of  the 
points  involved. 

Appakatus. 

The  instruments  used  were  three  in  number  and  of  two  kinds,  viz., 
one  instrument  for  measuring  the  deflection  of  the  structure  as  a  whole, 
and  two  instruments  for  measuring  extensions  and  compressions  of  in- 
dividual members. 

The  Dpfledomeier. — The  instrument  used  for  measuring  deflections 
was  a  Fraenkel  deflectometer,  *  the  design  of  the  late  Professor  Fraeukel 
of  Dresden,  Germany.  Plate  IX  is  a  photograph  of  this  instrument 
showing  it  attached  as  it  would  be  in  actual  use  on  a  plate  girder. 
In  this  type  of  instrument  the  main  part  of  the  apparatus  is  fastened 
to  the  bridge,  and  connection  is  made  by  means  of  a  wire,  to  a  heavy 
weight  placed  on  the  ground  directly  underneath.  This  wire  is  made 
fast,  through  an  interposed  steel  ribbon,  to  the  circumference  of  a  thick 
disk,  or  wheel,  mounted  on  the  framework,  which  disk  is  cast  in  one 
part  with  another  of  twice  its  diameter  and  having  the  same  axis.  On 
the  larger  disk  is  fastened  a  second  steel  ribbon  attached  at  its  other 
end  to  the  circumference  of  a  spirally  shaped,  hollow  wheel  containing  a 
clock  spring  By  means  of  a  crank  the  spring  may  be  wound  up  so  as 
to  produce  in  the  steel  ribbon  a  tension  sufficient  to  hold  the  vertical 
wire  taut,  while  at  the  same  time  allowing  free  movement  of  the  wire 

*  Cuts  of  a  slightly  different  form  of  this  instrument  are  shown  in  Der  CivUinge- 
nieur,  1884,  Plate  xxx;  also  in  Engineering  Neivs,  P^ebruary  8th,  1894,  p.  115. 
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relative  to  the  frame  of  the  instrument.  The  recording  i^encil  is 
attached  to  the  short  steel  ribbon  previously  mentioned,  and  it  has,  there- 
fore, a  motion  relative  to  the  frame  of  the  apparatus  twice  as  great  as  the 
motion  of  the  bridge.  A  spindle  is  provided  for  holding  a  roll  of  paper; 
another  one  iipon  which  the  jaaper  is  woiind,  and  a  drum  over  which 
the  paper  passes,  and  along  which  the  pencil  moves  as  the  bridge 
moves  up  and  down.  The  paper  is  moved  by  electrically  controlled 
clockwork  placed  inside  the  drum.  The  governor  of  the  clockwork 
.  was  so  regulated  as  to  make  the  rate  of  motion  of  the  paper  about  -nr  in. 
per  second.  The  apparatus  is  very  compact,  and  can  be  fastened  by 
means  of  heavy,  pointed  screws  to  any  horizontally  projecting  jalate,  or 
to  a  flange  of  a  bridge  post.  A  second  pencil  was  put  on  this  instru- 
ment for  the  purpose  of  recording  electrically  the  passage  of  the  wheels 
of  the  trains,  but  the  operating  magnets  did  not  work  satisfactorily,  and 
the  desired  information  was  obtained  mainly  from  similar  pencils 
attached  to  the  other  instruments.* 

The  Exiensometers. — The  instruments  used  for  measuring  strains  in 
the  members  were  also  of  a  form  invented  by  Professor  Fraenkel,  but 
greatly  improved  by  Oscar  Leuner,  of  Dresden,  the  maker  of  all  the 
Fraenkel  instruments.! 

Plate  X  is  a  photograph  of  the  recording  part  of  one  of  the  instru- 
ments used.  In  this  form  of  extensometer  the  longitudinal  distortion  of 
a  certain  length  of  a  member  is  multiplied  about  140  times  by  means  of 
a  compound  lever,  the  motion  being  communicated  to  a  pencil  which 
traces  a  line  on  a  moving  strip  of  joaper,  as  in  the  deflectometer.  Al- 
though this  instrument  was  designed  some  seventeen  years  ago,  yet  it  is 
only  within  the  last  two  or  three  years  that  it  has  been  so  constructed 
as  to  reduce  the  friction  of  the  rapidly  moving  parts  to  such  an  extent 
as  to  make  it  sufiSciently  sensitive  for  good  work.     As  now  constructed, 

*  Another  deflectometer  of  this  type  is  that  invented  and  used  by  M.  Kabut.  It  is 
illustrated  in  Annales  des  Fonts  et  Chaussees  of  1896,  Vol.  xii.,  p.  381,  in  a  very  com- 
plete article,  in  which  this  and  other  instruments  are  described,  and  their  use  in 
the  testing  of  bridges  discussed.  In  this  instrument  the  wire  is  held  by  a  long  coiled 
spring  attached  to  a  separate  point  of  the  bridge,  and  the  relative  motion  is  imparted  to 
the  recording  pencil  by  attaching  the  wire  to  the  short  end  of  a  lever,  the  pencil  being  at 
the  other  end.  The  lever  is  made  very  light,  and,  on  the  whole,  the  arrangement  is 
probably  better,  although  not  so  convenient,  as  that  of  the  Fraenkel  apparatus.  By  an 
ingenious  arrangement  of  two  weights,  and  two  wires  which  intersect  near  the  record- 
ing apparatus,  M.  Rabut  is  enabled  to  record  lateral  as  well  as  vertical  movements. 

For  descriptions  of  examples  of  the  other  type  of  deflectometer — that  in  which  the 
recording  parts  are  supported  from  the  ground  and  the  pencils  are  attached  to  the 
structure— see  "Vibration  of  Bridges,"  by  S.  W.  Robinson,  M.  Am.  Soc.  C.  E.,  Trans- 
actions, Am.  Soc.  C.  E.,  Vol.  xvi,  1887,  p.  43;  and  "Bridge  Deflections,"  by  M.  A.  Howe, 
M.  Am.  Soc.  C.  E.,  Journal  of  the  Associatioii  of  Engineering  Societies,  Vol.  xiv,  1895, 
p.  513. 

t  For  a  description  and  illustration  of  the  original  form  of  instrument,  see  Der  Civil- 
ingenieur,  1881,  p.  249. 
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all  bearings  are  knife-edge,  and  all  connections  are  made  by  means  of 
steel  ribbons  attached  to  cylindrical  surfaces.  Tlie  levers  are  mounted 
in  a  siiitable  framework,  wliicli  carries  also  the  clockwork  mechanism 
for  moving  the  paper,  and  which  is  provided  with  screws  for  attaching 
the  apparatus  to  the  bridge  member.  The  recording  pencil  is  held  by 
a  light  carriage  running  parallel  to  the  axis  of  the  drum  on  which  the 
paper  is  stretched.  This  carriage  is  moved  hj  two  small  steel  ribbons 
attached  to  a  sector  at  the  end  of  the  lever  system,  which  arrangement 
gives  rectilineal  motion  to  the  pencil.  To  the  short  end  of  the  lever 
system  is  fastened  one  end  of  a  long,  light  rod,  clamped  at  its  other  end 
to  the  bridge  member.  In  the  instruments  as  used,  these  rods  were  of 
such  a  length  that,  when  properly  adjusted,  the  apparatus  would 
measure  the  distortion  of  one  meter's  length  of  the  bridge  member. 
The  multiplication  of  the  distortion  of  the  bridge  member  was 
such  that,  assuming  the  modulus  of  elasticity  to  be  29  000  000  lbs. 
per  square  inch,  1  in.  on  the  diagram  corresponds  to  a  stress  of 
5  GOO  lbs.  per  square  inch,  which  value  has  been  used  in  the  com- 
putations. Additional  pencils  for  recording  the  passage  of  wheels 
were  also  attached  to  these  instruments,  and  in  this  case  they  worked 
satisfactorily.  • 

In  order  to  make  the  friction  of  the  pencil  on  the  paper  as  small  as  pos- 
sible, metallic  paper  and  aniline  pencils  were  used,  these  being  furnished 
with  the  instruments.  With  this  arrangement  a  distinct  mark  is  made 
with  an  exceedingly  light  presstire,  and  the  pencil  does  not  wear  smooth 
as  lead  does.  The  speed  of  the  paper  in  the  extensometers  was,  in  one 
case,  about  A",  and  in  the  other  case,  about  -^%  in.  i^er  second.  The 
speed  was  determined  at  frequent  intervals,  and  was  faiiiy  constant; 
but,  o-wing  to  the  method  of  governing  the  clockwork,  it  could  not 
easily  be  regulated  to  any  jjarticular  value.  The  speeds  of  trains  were 
determined  from  the  records  of  the  additional  pencils  above  mentioned, 
the  speed  of  the  paper  and  the  length  of  the  locomotive  wheel-base, 
being  known.  * 


*  Another  extensometer  which  has  been  used  to  a  considerable  extent  in  France  is 
that  Icnovvn  as  the  Mauet  apparatus.  It  has  been  perfected  by  M.  Rabut,  and  used  quite 
extensively  by  him.  The  instrument  is  not  a  self-recording  one,  the  motion  being  mul- 
tiplied and  conmiunicated  to  a  pointer  moving  over  a  dial.  It  is  illustrated  and  described 
in  the  article  by  M.  Rabut,  before  mentioned  ;  also,  in  Johnson's  '"Framed  Structures,'' 
p.  230. 

Another  instrument  which  should  be  mentioned  in  this  connection  is  that  con- 
structed by  Messrs.  J.  J.  Haukenson  and  Wm.  H.  Ledger,  and  used  by  them  in  carrying 
out  a  series  of  tests  at  Cornell  University.  In  this  instrument  a  much  less  multiplica- 
tion is  used  than  in  either  of  the  others.  Single  levers  are  used,  and  a  continuous 
record  obtained.    Engineering  News,  Vol.  xxxiii,  1895,  p.  300. 
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Track  lusty  ument. — Tlie  electric  track  switch  used  was  a  rather  crude 
affair,  but  answered  the  purpose  very  well.  Some  difficulty  was  exper- 
ienced in  devising  an  apparatus  which  woiild  work  slowly  enough 
under  fast  trains.  That  which  was  finally  successful  was  made  as 
follows  :  On  a  long  wooden  block  a  saw-blade  was  placed  and  loosely 
held  at  its  two  ends  under  thin  metal  straps.  This  blade  was  then 
sprung  upward  and  supported  on  brass  springs  along  the  center,  and 
so  arranged  that  on  being  depressed  about  h  in.  an  electric  cii'cuit  would 
be  closed.  This  contrivance  was  fastened  just  outside  the  rail  and 
parallel  thereto,  and  at  such  an  elevation  that  a  passing  wheel  would 
keep  the  circuit  closed  while  moving  a  distance  of  12  or  15  ins. 

GENEKAIi  DeSCKIPTION   OF   THE  ExPEKIMENTS. 

The  experiments  in  question  consisted  in  obtaining  records  of  stress 
and  deflection  under  moving  trains  from  a  number  of  bridges  on  the 
Chicago,  Milwaukee  and  St.  Paul,  and  the  Union  Pacific  railroads. 
Tests  were  made  on  twelve  plate-girder  bridges,  of  spans  varying  from 
25  to  80  ft.  in  length,  and  on  eleven  truss  bridges  of  sjjans  from  100  to 
20a  ft.  in  length. 

The  chief  characteristics  of  these  bridges  are  given  in  Tables  Nos.  1 
and  2.  All  the  plate  girders  are  through  bridges,  and,  with  the  excep- 
tion of  Nos.  10  and  12,  the  ties  are  supi^orted  on  shelf  angles.  They 
are,  no  doubt,  somewhat  shallower  than  deck  girders  of  like  span,  and, 
therefore,  somewhat  more  flexible.  All  the  girders,  however,  are  of 
recent  construction  and  rej^resent  modern  i^ractice.  All  the  truss 
bridges  are  of  the  Pratt  type,  exce^jt  Nos.  20  and  2 1 ,  which  are  Pegram 
trusses.  The  dates  of  erection  indicate  faiily  well  the  character  of  the 
construction,  Nos.  13  and  15  being  light  structures  ;  while  Nos.  14,  17, 
IS  and  19,  are  fairly  heavy,  modern,  Pratt  trusses.  The  two  Pegram 
trusses  have  long  panels  and  a  suspended  floor  system  with  plate 
hangers.  The  last  four  bridges  are  on  the  Union  Pacific,  all  others  are 
on  the  Chicago,  Milwaukee  and  St.  Paul  Railway. 

In  the  testing  of  girder  bridges,  the  deflectometer  was  usually  fastened 
to  a  flange  at  the  center  of  the  bridge,  and  one  or  both  of  the  extensom- 
eters  attached  to  the  flange  of  the  girder  as  near  the  center  as  pos- 
sible. For  the  sake  of  comparison,  simultaneous  measurements  of 
stress  were  frequently  made,  in  some  cases  on  the  two  lower  flanges, 
and  in  others  on  the  outside  lower  and  outside  uj^per  flanges.     In  gen- 
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eral,  about  twelve  or  fifteen  experiments  were  made  on  each  girder 
bridge,  this  being  usually  a  sufficient  number  to  bring  out  as  great  a 
variety  of  speeds  and  locomotive  effects  as  would  be  likely  to  occur  with 
any  frequency.  In  most  of  the  girders  the  effect  of  the  locomotives  was 
soon  seen  to  be  the  feature  of  chief  interest,  that  of  either  passenger  or 
freight  cars  not  being  of  special  importance. 

In  the  experiments  on  trusses  the  deflectometer  was  usixally  attached 
to  the  post  nearest  the  center  of  the  bridge,  and  records  were  obtained 
from  it  in  that  position  for  all  tests  on  the  structure.  At  the  same  time 
the  extensometers  were  attached  to  various  members  of  the  bridge.  After 
a  little  experience  it  was  concluded  that  the  members  from  which  the 
most  significant  curves  could  be  obtained  were:  A  lower  chord  member, 
the  main  diagonal  nearest  the  center,  and  the  hip  vertical;  and  these 
were,  therefore,  the  members  usually  experimented  upon.  By  the  use 
of  both  extensometers  determinations  were  made,  in  many  cases,  of  the 
bending  in  individual  bars  and  of  the  relative  tension  in  the  various 
bars  of  the  same  member.  Such  experiments,  however,  were  made  of 
secondary  importance,  the  main  object  of  the  work  being  to  secure  a 
reasonable  number  of  diagrams  from  as  many  different  structures  as 
possible.  As  a  rule,  fi-om  thirty  to  forty  experiments  were  made  on  each 
truss. 

In  all,  about  four  hundred  experiments  were  made,  three  curves  usu- 
ally being  obtained  from  each.  With  few  exceptions,  the  experiments 
were  made  with  the  trains  of  the  regular  traffic.  As  in  most  cases  there 
were  but  ten  or  twelve  movements  during  the  day,  not  as  many  dia- 
grams were  obtained  as  might  have  been  desirable;  but  it  was  thought 
that  the  work  would  be  more  valuable  if  a  number  of  structures  of  dif- 
ferent span-lengths  were  tested  than  if  a  great  number  of  exijeriments 
were  made  on  two  or  three  bridges.  This  idea  was  strengthened  by  the 
fact  that  in  those  jilaces  where  a  longer  stay  was  made  at  a  structure, 
very  little  which  was  new  was  observed  in  the  deflection  curves  after  the 
first  day's  work. 

On  two  different  occasions,  through  the  kindness  of  the  railroad 
officials,  a  short  freight  train  was  placed  at  the  disposal  of  the  exi^eri- 
menters.  In  one  case  the  train  consisted  of  an  American  locomotive, 
one  lightly  loaded  car,  and  three  emj^ties;  and  with  this.  Tests  Nos.  97 
to  107  were  made  on  Bridge  No.  14.  In  the  other  case  it  consisted  of  a 
ten-wheel  engine,  four  heavily  loaded  ears,  and  a  caboose;  and  with  this 
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train  tests  were  made  on  Bridges  Nos.  11,  12,  18  and  19.  The  use  of  a 
special  train  in  making  sucli  tests  is  obviously  of  great  advantage,  both 
in  enabling  the  tests  to  be  made  very  rapidly,  and  in  facilitating  com- 
parisons. For  the  tests  with  special  trains,  and  for  many  of  the  others, 
stress  curves  were  computed,  the  data  regarding  weights  of  locomotives 
and  cars  being  furnished  by  the  railroad  companies.  In  the  computa- 
tions the  influence-line  method  was  used  as  being  the  only  practicable 
one  for  such  a  large  amount  of  work.  The  results  of  the  exjaeriments 
are  presented  and  discussed  further  on. 

WoKKrNG   OF   THE   ApPAKATUS. 

The  working  of  the  apparatus  was  in  general  quite  satisfactory. 
The  deflectometer  proved  very  convenient  to  adjust,  and  was  very  reli- 
able in  its  working,  except  for  the  short-girder  spans.  With  spans  less 
than  about  50  ft.  in  length,  the  jarring  of  the  girder  agreed  so  closely 
in  period  with  that  of  the  moving  parts  of  the  instrument  (about  20  per 
second)  that  the  apparatus  was  set  into  excessive  vibration,  and  the  re- 
sulting records  in  such  cases  are  not  of  much  value.  Some  reliable  curves, 
however,  were  obtained  from  a  25-ft.  span  by  placing  the  instrument  on 
the  ground  and  making  the  connection  by  means  of  gas  pipe.  These 
curves  show  that  the  vibration  or  jarring  of  the  bridge  at  this  rapid 
rate  was  really  of  very  small  amplitude,  a  very  small  fraction  of  the 
disturbances  of  a  longer  period  which  are  discussed  further  on.  In  the 
longer  gii'ders  and  in  the  truss  bridges  this  jarring  action  nearly  dis- 
ajjpeared,  and  the  curves  obtained  from  the  deflectometer  bring  out 
very  clearly  the  vibration  of  the  structures  without  interference  by  in- 
strumental vibrations.  If  the  moving  parts  of  the  instrument  were 
made  much  lighter,  it  is  believed  that  it  would  be  much  more  useful  for 
testing  very  short  spans. 

The  moving  parts  of  the  extensometers,  owing  to  the  high  degree 
of  multii)lication  of  the  instruments,  constitute  a  rather  flexible  system, 
and  have,  therefore,  a  rather  slow  natural  rate  of  vibration,  much 
slower  than  the  deflectometer.  This  rate  of  vibration  was  found  experi- 
mentally to  be  about  10  -per  second,  and,  therefore,  where  the  variation 
in  stress  about  equals  or  exceeds  this  in  rapidity,  the  records  of  the  in- 
struments are  not  reliable.  Since  the  rates  of  vibration  of  the  struc- 
ures,  or  of  individual  members,  were  in  most  cases  much  less  than 
this,  little  trouble  was  exi^erienced  on  this  score.     The  jarring  action 
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"whicli  interfered  with  the  working  of  the  deflectometer  appeared  to  be 
miach  too  rapid  or  too  small  to  affect  the  extensometers,  as  these  instru- 
ments invariably  gave  curves  free  from  siich  vibrations.  The  fact  that 
the  rates  of  vibration  of  the  two  kinds  of  instruments  were  so  much 
different  fiirnished  a  valuable  check  to  the  workings  of  both. 

In  order  to  make  the  rate  of  vibration  of  the  extensometers  as  rapid 
as  i^ossible,  the  steel  carriages  supporting  the  pencils  were  replaced  by 
much  simpler  ones  made  of  aluminum.  It  would,  however,  be  desir- 
able to  reduce  the  weights  of  the  rapidly  moving  parts  still  further. 
The  author  does  not  believe  it  possible  with  any  form  of  apparatus  yet 
devised  to  record  correctly  all  the  changes  in  stress  which  occur  in  cer- 
tain members;  as,  for  example,  flanges  of  short  girders  and  stringers, 
and  jiossibly  main  members  of  trusses.  From  observations  on  deflection 
it  is  believed  that  these  rapid  changes,  accompanied  l)y  a  jarring  sen- 
sation, are  very  small;  but  they  can  only  be  measured  by  an  instru- 
ment whose  moving  j^arts  ai'e  almost  without  weight.  A  reference  to 
some  of  the  curves  obtained  in  the  experiments  of  Messrs.  Hankenson 
and  Ledger,  referred  to  further  on,  will  show  several  places  where  this 
same  effect  of  instrumental  vibration  has,  doubtless,  entirely  masked 
the  real  distortion  in  the  members. 

GENEEtUi   ChARACTEKISTICS   OF   THE   CuEVES. 

On  ijages  417,  419  and  421,  are  given  several  curves  showing  the 
main  characteristics  of  the  principal  diagrams  taken.  Ordinates  on 
the  deflection  curves  indicate  deflections  in  inches;  ordinates  on  the 
stress  curves  indicate  stress  per  square  inch.  The  dotted  lines  are  com- 
puted curves.  The  diagrams  shown  on  page  417  are  from  plate  girders, 
while  those  on  pages  419  and  421  are  from  trusses.  Figs.  1,  2  and  .3,  were 
taken  from  short  girders  of  30,  35  and45-ft.  span-lengths,  respectively; 
Fig.  4  from  a  52-ft.  span,  and  Fig.  5  from  a  70-ft.  through  girder.  The 
details  of  the  various  bridges  are  given  in  Table  No.  1. 

In  general,  the  curves  from  plate  girders  taken  from  rapidly  mov- 
ing trains  show,  in  the  part  of  the  diagram  caused  by  the  locomotive, 
large  projections,  or  vibrations,  usually  corresponding  in  period  to 
the  revolution  of  the  drivers,  and  due  no  doubt  to  the  action  of  the 
counterweights  (see  Figs.  1,  2  and  3).  On  the  shorter  sjjans  this  ac- 
tion was  so  sudden  and  severe  that  the  pencils  of  the  extensometers 
were  often  evidently  thrown  too  far,  as  can  be  seen  by  comparison  with 
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tlie  deflections  (Fig.  2).  For  the  longer  spans,  as  in  Fig.  5,  this  effect 
of  drivers  diminished  very  much  and  the  curves  from  the  two  instru- 
ments agreed  better.  Where  the  speeds  were  less  than  15  or  20  miles 
per  hour,  the  vibrations  were  small.  In  Figs.  1,  2  and  3,  the  deflection 
curves  show  the  effect  of  the  jarring  action  before  mentioned,  and  in 
Fig.  1  the  vibrations  are  iindoubtedly  much  exaggerated  by  the  instru- 
ment. As  a  rule,  the  larger  the  bridge,  the  less  this  effect,  and  in  the 
case  of  the  two  girder  sj^ans  of  the  through  type  it  did  not  aj^pear. 
Passenger  cars  produced  no  noticeable  vibrations  in  girders  other  than 
this  jarring  action,  and  the  same  is  true  of  freight  cars  on  all  the 
girders  except  the  two  through  spans  (see  Fig.  5). 

Specimens  of  the  diagrams  obtained  from  truss  sjaans  are  shown  in 
Figs.  6  to  11  inclusive.  In  very  many  cases  considerable  vibration  of 
the  truss  was  caused  by  the  locomotive,  as  shown  by  the  deflection  dia- 
grams in  nearly  all  the  figures.  This  was  true  for  passenger  as  well  as 
for  freight  locomotives,  and  for  a  considerable  range  of  speed,  although 
not  usually  caused  by  trains  running  slower  than  20  miles  per  hour. 
Passenger  cars  never  caused  large  vibrations,  nor  did  empty  freight  cars, 
but  loaded  freight  cars  often  did,  as  in  Fig.  7.  Diagrams  of  chord 
stress  are  seen  to  be  quite  similar  to  the  corresponding  deflection 
curves.  Those  for  stress  in  the  diagonal  and  in  the  hiji  vertical  show, 
of  course,  large  variations  due  to  the  wheel-load  concentrations,  and, 
besides,  exhibit  very  large  vibrations  under  the  locomotive,  which  cor- 
respond usually  to  the  vibrations  in  the  deflection  curves.  The  rapid 
vibrations  shown  in  the  stress  curves  for  the  diagonals  in  Figs.  8,  9  and 
10  are  due  to  the  vibration  of  the  individual  bars.  These  are  much  more 
rapid  than  those  caused  by  the  vibration  of  the  bridge  as  a  whole.  The 
agreement  between  the  comjjuted  and  the  observed  stresses  varies;  but 
in  general  the  curves  from  the  insti'uments  are  similar  to  the  comjjuted 
curves,  although  the  absolute  values  of  the  ordinates  differ  quite  mate- 
rially on  account  of  secondary  stresses. 

Discussion  or  the  Expeeevients. 
From  an  examination  of  the  curves  and  a  consideration  of  the  ele- 
ments affecting  the  jiroblem,  it  was  thought  that  the  discussion  could 
best  be  divided  into  the  following  jjarts :  Effects  of  Speed  Alone ;  Vibra- 
tions in  Gu'ders  and  Trusses;  Relation  of  Stresses  to  Deflections, 
Secondary  Stresses  and  Computed  Deflections;  Eesults  of  Other  Ex jDeri- 
ments;  Conclusions. 
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Effects  of  Speed  Alone. 

Inasmucli  as  in  discussions  on  impact,  greater  stress  is  usiially  laid 
upon  the  feature  of  tlie  rapidity  of  application  of  tlie  load  than  upon  vi- 
brations, and,  as  impact  formulas  apjjear  to  give  emphasis  in  this  same 
direction,  it  was  thought  desirable  to  discover,  if  possible,  the  effects  of 
speed  alone,  when  separated  from  those  of  vibration. 

Experimental  Results. — If  a  train  moves  over  a  bridge  on  a  perfectly 
smooth  track  at  any  given  speed,  and  if  all  the  wheels  are  truly  circular 
and  perfectly  balanced,  it  is  evident  that  there  will  be  produced  a 
smooth  deflection  curve,  which,  when  compared  with  the  curve  made 
by  the  same  train  when  crossing  at  a  very  slow  speed,  will  bring  out 
clearly  the  effects  of  the  rapidity  of  application  of  the  load.  In  the 
actual  case  various  elements  conspire  to  cause  vibrations,  which  are,  if 
of  any  considerable  duration,  of  equal  amplitude  each  side  of  the  imag- 
inary smooth  curve  previously  mentioned.  From  these  considerations 
it  was  concluded  that  curves  constructed  by  drawing  middle  lines 
throiigh  the  sinuous  lines  of  the  diagrams,  could  be  fairly  compared  in 
studying  the  effects  of  speed  alone. 

In  making  these  comparisons,  two  methods  Avere  used.  One  was  to 
measure  the  mean  ordinate  to  the  curve  of  the  extensometer  at  some 
particular  point  and  then  compare  with  the  computed  stress.  The 
other  was  to  compare  the  curves  from  both  the  extensometer  and  de- 
flectometer  caused  by  the  same  train  at  different  rates  of  speed.  The 
latter  is  by  far  the  more  reliable  and  satisfactory,  as  it  eliminates  many 
uncertainties  in  the  matter  of  weights  and  dimensions,  but  it  requires 
the  use  of  a  sj^ecial  train  for  testing,  which  was  had  only  for  the  few 
bi'idges  ah-eady  mentioned. 

The  results  of  this  comjiarison  for  eight  bridges  are  given  in  Figs. 
12,  13,  and  14.  In  all  cases  the  stress  in  the  flange,  or  other  member, 
was  cominited  for  that  jjosition  of  the  locomotive  which  would  give  the 
maximum  stress.  Mean  ordinates  were  then  measured  to  the  correspond- 
ing j)oints  on  the  diagrams,  and  these  measured  stresses  then  comjjared 
with  the  computed.  The  ratios  of  the  observed  to  the  computed  stresses 
are  plotted  in  the  figui'es  as  jDoints,  ordinates  representing  the  values  of 
the  ratios,  and  abscissas  rej^resenting  velocities  in  miles  per  hour. 
Dotted  horizontal  lines  representing  average  ratios  have  been  di'awn  in 
those  cases  where  the  i^oints  could  not  readily  be  connected.  It  was  not 
to  be  exj)ected  that  the  observed  stresses  would  agree  very  closely  with 
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the  computed,  on  account  of  the  secondary  stresses;  but  by  plotting  the 
observations  in  this  way  it  was  thought  that  any  jjossible  eftect  of  speed 
would  be  noticed.  In  the  tests  on  Bridges  Nos.  4  and  5  (Fig.  12)  and  16 
(Fig.  13)  the  trains  were  all  different.  In  the  other  cases  the  observations 
for  each  bridge  were  made  by  a  single  train,  and,  although  ratios  of  ob- 
served to  comi^uted  stresses  are  jjlotted  here  also,  the  computed  stresses 
are  the  same  for  all  sjaeeds,  and  the  observed  values  are  directly  com- 
parable. The  deflections  are  likemse  comparable,  and  are  therefore 
plotted.  As  to  camber,  the  practice  of  the  Chicago,  Milwaukee  and  St. 
Paul  Railway  Comjjany  is  to  omit  all  camber  in  girders  and  to  put  about 
the  usual  amount  in  trusses.  There  were  no  irregularities  in  the  track 
suflBciently  great  to  be  noticeable. 

As  was  to  be  exjjected,  the  points  in  the  diagTams  for  Bridges  Nos. 
4,  5  and  16  are  somewhat  scattered,  but  the  points  in  all  the  others  show 
much  regularity  in  arrangement.  It  is  quite  evident  that  the  diagrams 
fail  to  show  in  any  case  any  general  increase  in  stress  or  deflection  with 
increase  in  speed.  On  the  contrary,  they  show  in  nearly  every  case 
very  constant  values  at  all  speeds,  and,  considering  the  uniformity  of 
the  results  and  the  conditions  under  which  the  experiments  were  made, 
the  conclusion  seems  to  be  warranted  that  the  effect  of  speed  alone  on 
bridges  of  spans  exceeding  40  ft.  in  length  is  of  no  consequence  what- 
ever. For  shorter  spans  the  exijeriments  are  not  svifficiently  accurate 
to  be  of  much  value  in  a  discussion  of  this  question. 

Deductions  from  Theory. — If  a  load  in  jjassing  over  a  bridge  causes 
the  structure  to  deflect  so  that  the  curvature  of  the  track  is  concave  up- 
ward, the  pressure  of  the  load  on  the  bridge  will  be  more  than  its 
weight  by  the  amount  of  the  centrifugal  force  develoj^ed.  \iv^=  velocity 
along  the  curved  jjath  (assumed  eqvial  to  the  horizontal  velocity) ;  M  = 
mass;  and  r  =  radius  of  curvatiu-e  of  the  path  of  the  load  (not  neces- 
sarily of  the  track),  then  the  centrifugal  force,  F,  = — —  . 

Take,  for  example,  the  case  of  a  single  load  moving  over  a  beam  of 
constant  cross-section.  When  the  movement  is  slow,  the  equation  of 
the  path  of  the  moving  body  is : 

where  x  and  y  are  the  usual  coordinates,  with  origin  at  center;  a  =  half 
span;  and  y,-,  =  central  deflection  with  load  at  center.  The  sharpest 
curvature  of  this  i^ath  is  at  the  center,  where  the  radius  of  curvature, 
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r,  =  J- — ,  whence,  at  this  point,  the  centriftigal  force  is,  aiJiDroximately, 

4  M  V'  XI 
F  = ^    ^''.     If  _?/„  =  ^-/o  o  of  span,  and  v  =  90  ft.  per  second,  or 

0  84 
about  60  miles  jier  hour,  then  F  =  — —  P,  in  Avhich   P  =  weight  of 

moving  body. 

Thus,  for  a  25-ft.  span,  F=  ^^  P  =  1%  of  weight;  for  a  50-ft. 

span,  F  =^  3.3%  oi  weight.  As  the  actual  deflection  is  somewhat  in- 
creased by  the  centrifugal  force,  and  hence  the  sharpness  of  curvature 
likewise  increased,  the  effect  is  really  somewhat  greater  than  the  above. 
Dr.  H.  Zimmermann  has  treated  this  problem  rigidly,*  and  a  for- 
mula closely  approximate  to  his  exact  formula  (practically  correct  for 


values  of  -^ — >■  10)  is: 

4  v^  y^      ' 


F=P 


9  a- 3 

or,  with  j/,^  ^  -=iAov:  of  sjian,  and  v  =  90  ft.  jjer  second,  it  becomes 

F=P 

''        3 

0.84         ' 

a  formula  ijraetically  exact  for  vakies  of  a  greater  than  about  8  ft. 

This  formula  gives  for  the  above  cases,  8.7^^  and  3.1%,  respect- 
ively. For  a  15-ft.  span,  the  increase  would  be  16%,  with  the  same 
assumption  as  to  the  ratio  of  deflection  to  span  length.  For  such  short 
spans,  however,  the  deflection  would  not,  as  a  rule,  be  so  great  as 
u/oo"  of  the  span,  so  that  no  higher  value  would  be  likely  to  be  ob- 
tained than  for  a  25-ft.  span.  For  a  100-ft.  sj^an,  i^=  1.7  per  cent. 
The  efiect  of  a  uniform  load  would  be  less  than  that  of  a  concentrated 
load,  as  the  average  ctu'vature  is  in  that  case  mtich  less. 

By  the  above  approximate  methods  'it  is  shown  that  theoiy,  as  well 

as  the  results  of  experiments,  indicates  that  the  effect  of  speed  alone  is 

of  no  practical  importance  unless  it  be  for  very  short  spans.     For  such 

spans  experimental  data  are  not  available.     The  best  formula  known  to 

the  author  is  that  by  Zimmerman.     The  effect  of  camber  is  to  reduce 

the  centrifugal  force,  but  the  small  value  of  the  force  indicates  that  the 

benefit  derived  in  this  dii-ection  from  cambering  ordinary  spans  is  small. 

*-'Die  Schwingungen  eines  Tragers  mit  bewegter  Last,"  by  Dr.  H.  Zimmermann, 
BerUn,  1896. 
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Vibrations  in  Girders  and  Trusses. 

It  will  be  convenient  in  discixssing  the  subject  of  vibration,  to  treat 
the  girders  and  trusses  sejoarately.  As  a  rule  the  girders  were  of  too 
short  sjjan-length  to  show  cumulative  vibration,  the  causes  pro- 
ducing vibration  acting  but  a  few  times,  and  usually  at  a  much 
slower  rate  than  the  natural  rate  of  vibration  of  the  structure.  In 
the  truss  bridges,  however,  conditions  were  often  favorable  for  cumu- 
lative vibration,  and  this  point  is  considered  in  that  part  of  the  dis- 
cussion. 

Vibrations  in  Girders. — The  typical  curves  on  page  417,  already 
described,  show  that  the  feature  of  the  tests  which  is  of  chief  interest 
and  importance  is  that  of  the  vibrations  caused  by  the  locomotive. 
The  results  of  all  tests  of  any  value  have  therefore  been  jiresented  in 
Table  No.  3,  with  particular  reference  to  this  i^oint. 

In  the  column  headed  deflection,  and  in  the  column  containing 
values  of  stress  per  square  inch,  the  several  quantities  were  found  by 
measuring  the  mean  ordinates  of  the  respective  vibratory  curves  at  the 
point  where  the  deflection,  or  stress,  was  a  maximum  under  the  loco- 
motive. The  "  percentage  added  by  vibration  "  is  the  ratio  of  one-half 
the  amplitude  of  vibration  to  the  mean  ordinate  as  thus  determined.  In 
the  shoi-t  spans  the  "vibi'ations  per  second"  were  not  very  accurately 
determined,  as  often  there  would  be  biit  one  or  two  vibrations  during 
the  passage  of  the  locomotive.  The  other  columns  are  self  exi>lanatory. 
Where  the  records  are  of  doubtful  value,  owing  to  the  inertia  of  the 
instruments,  a  question  mark  is  placed  after  the  figures;  but  figures 
have  not  been  given  except  where  a  careful  inspection  of  the  curves  has 
satisfied  the  author  that  the  actual  vibrations  were  a  large  percentage  of 
those  recorded.  Eecords  of  deflection  are  poor  for  many  of  the  experi- 
ments on  spans  uj)  to  45  ft.  in  length.  The  experiments  on  each  bridge 
are  arranged  in  the  order  of  increasing  speed'  of  trains.  The  condition 
of  track  was  good  on  all  bridges. 

The  percentage  of  increase  in  the  flange  stress  should  agree  in  general 
with  that  in  the  deflection.  An  examination  of  Table  No.  3  shows  that, 
while  the  agreement  is  in  many  cases  not  very  good  for  the  shorter 
spans,  it  is  good  for  the  longer  spans,  and  on  the  whole,  consideiing 
the  great  difference  between  the  two  kinds  of  instruments  used,  is 
sufficient  to  show  that  the  results  are  entirely  reliable  as  to  general 
indications.     Several  experiments  have   been  omitted   from  the  table, 
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the  vibrations  being  too  small  to  be  of  any  consequence.     All  such  tests, 
however,  are  accounted  for  in  the  column  of  remarks. 

The  principal  points  brought  out  by  the  data  in  Table  No.  3  are: 

(1)  The  increase  in  deflection,  or  flange  stress,  due  to  vibration  is 
about  the  same  in  all  spans  from  25  to  55  ft.  in  length;  and,  neglecting 
two  or  three  doubtful  cases,  has  a  maximum  value  of  about  50%"  for 
speeds  of  40  or  50  miles  per  hour.  For  spans  of  60,  70  and  85  ft.  in 
length,  the^maximum  j^ercentages  are  22,  28  and  17  respectively. 

(2)  Speeds  greater  than  about  20  miles  per  hour  for  short  spans,  and 
35  miles  jaer  hour  for  long  spans,  almost  invariably  caused  large 
vibrations. 

(3)  The  rates  of  vibration  of  the  bridges  for  high  speeds  and  large 
amplitudes  agree  ajjproximately  with  the  rates  of  revolution  of  the 
locomotive  drivers,  and  show  quite  clearly  that  the  chief  influence  in 
producing  vibration  is  the  effect  of  the  locomotive  counterweights. 

(4)  There  are  undoubtedly  other  causes  of  vibration,  such  as  rough- 
ness of  track,  flat  wheels,  etc.  This  is  shown  to  some  extent  by  the 
results  from  comparatively  slow  speeds,  where  the  vibrations  produced 
are  much  more  rapid  than  the  rate  of  rotation  of  the  drivers.  The  pres- 
ence of  an  iron  floor  system  in  the  through  girders,  Nos.  10  and  12,  ap- 
pears to  make  no  diflference  in  the  vibration.  The  panel  length  in  both 
cases  is  about  14  ft. ,  a  very  favorable  length  for  vibration  in  Bridge  No. 
12,  where  a  locomotive  with  56-in.  drivers  was  used. 

(5)  Different  types  of  locomotives,  and  locomotives  differently  bal- 
anced, will  undoubtedly  produce  difi'erent  amounts  of  vibration,  but  in 
these  tests  there  was  Uttle  variety  in  locomotives  or  hi  counterbalanchig. 
The  ten-wheel  engines  appear  to  have  caused  more  vibration  in  some 
cases  than  the  American  type,  although  the  difference  is  hardly  enough 
to  warrant  a  general  statement.  The  tests  on  Bridges  Nos.  11  and  12 
were  all  made  with  a  ten-wheel  engine  with  small  drivers,  but  the  re- 
sultiag  vibrations  are  rather  low. 

(6)  As  to  a  law  of  variation  of  vibration  with  speed,  the  experiments 
were  not  numerous  enough  to  determhie  this  point.  In  a  general  way 
vibration  increases  with  speed,  but  apparently  not  as  rapidly  as  the 
square  of  the  speed,  as  the  theory  of  centrifugal  force  would  suggest. 
An  attempt  was  made  to  discover  any  possible  regularity  in  variation  by 
plotting  the  experiments,  but  the  accidental  variations  were  too  gi^at  to 
make  the  diagrams  of  any  value. 
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(7)  In  the  tlirough  gii'ders,  Nos.  10  and  12,  considerable  vibration 
was  caused  in  some  cases  by  loaded  freight  ears,  altlioiTgli  the  panel 
length  of  14  ft.  is  not  favorable  to  such  action  (see  Fig.  5) . 

Vibrations  in  Trusses. — Table  No.  4  gives  the  principal  data  from 
the  experiments  on  trusses,  arranged  as  before,  in  the  order  of  increas- 
ing sjjesd  for  each  bridge.  As  has  already  been  explained,  the  extensom- 
eters  were  used  on  the  lower  chord  (usually  at  the  center),  the  diagonal 
nearest  the  center,  and  the  hip  vertical,  the  various  members  tested 
being  indicated  in  the  small  diagrams  in  the  table  by  heavy  lines. 
Stresses,  and  percentages  of  increase  due  to  viln-ation,  are  given  for  these 
members,  together  with  corresponding  values  for  the  deflections.  Where 
the  vibrations  were  of  any  consequence,  they  agreed  in  rate  for  the  de- 
flection, chord  stress,  and  stress  in  the  diagonals,  and  also,  iisually,  for 
the  hip  vertical. 

In  some  cases  the  relative  vibration  was  greatest  before  or  after  the 
maximum  deflection  occurred,  and  for  some  of  these  cases  two  values  for 
vibration  are  given,  one  for  the  maximum  viliration,  and  the  other  for 
vibration  at  time  of  maximum  deflection. 

The  effect  of  vibration  will  be  discussed  first  with  reference  to  the 
deflection  only,  the  relation  between  stress  and  deflection  being  taken 
up  later.  The  salient  laoints  in  the  tests  on  each  structure  will  be  briefly 
noted. 

Bridge  No.  1.3  is  one  of  the  worst  for  vibrations.  Under  the  locomo- 
tive there  are  many  values  above  15%,  the  highest  being  20%",  and  highly 
cumulative  (see  Fig.  7 j .  These  large  vibrations  occui*  for  sjieeds  of  27 
to  32  miles  i^er  hour,  and  are  all  for  freight  trains.  The  freight  loco- 
motives are  much  larger  than  the  passenger,  and  are  ten-wheelers,  which 
facts  may  account  for  the  smaller  vibrations  for  speeds  above  32;  but  it 
is  more  likely  that  this  is  due  to  the  fact  that  the  higher  speeds  do  not 
accord  so  well  with  the  natural  rate  of  vibration  for  the  loaded  bridge. 
Fig.  6  is  a  record  from  a  passenger  train  and  shows  much  less  vibration 
than  Fig.  7,  although  the  speed  is  much  higher.  Several  curves  from  this 
bridge  show  large  ctxmulative  vibrations  from  loaded  cars,  but  in  no  case 
is  the  total  deflection  eqixal  to  that  produced  by  the  locomotive.  The 
conditions  in  this  bridge  are  very  favorable  to  vibration.  The  j^anel 
length  is  about  equal  to  the  cii-cumference  of  a  locomotive  wheel,  and, 
furthermore,  the  stringers  are  shallow  and  the  structure  is  rather  light  and 
flexible.     Passenger  cars  and  emjity  freight  cars  cause  no  vibration. 
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Bridge  No.  14  is  a  modern  structure.  The  trains  at  tliis  place  were 
very  light,  as  were  also  the  locomotives.  The  maximum  vibration  was 
caused  by  a  passenger  engine  at  a  speed  of  47  miles  per  hour.  Speeds 
below  15  miles  per  hour  did  not  cause  noticeable  vibration. 

Bridge  No.  15  is  a  light  structure.  Speeds  below  18  miles  per  hour 
gave  little  vibration.  The  maximum  for  locomotives  is  aboiit  20%"  for  a 
speed  of  42,  and  that  for  cars  is  28%  at  28  miles  per  hour.  In  experi- 
ment No.  145,  with  a  speed  of  45,  the  vibration  is  greatest  before  the  loco- 
motive reaches  mid-span,  showing  that  this  speed  was  probably  too  high 
for  maximum  cumulative  effect.  This  bridge  has  a  wooden  floor,  and  a 
panel  length  of  17  ft.  4  ins.,  conditions  very  favorable  for  vibrations, 
both  for  cars  and  locomotives. 

In  the  tests  on  Bridge  No.  16,  in  a  large  number  of  cases,  there  was 
considerable  vibration  caused  by  the  engine.  Few  records  show  much 
effect  of  cars,  but  there  were  very  few  freight  trains  observed  here  at 
speeds  above  20  miles  per  hour.  The  floor  system  is  not  as  flexible  as 
in  some  of  the  other  bridges  in  which  wooden  stringers  are  used,  but 
the  panel  length  is  favorable  for  vibration,  and  this  may  partially  account 
for  the  comparatively  high  jaercentage  for  so  large  a  number  of  tests. 
The  records  from  this  structure  show  that  speeds  may  vary  within  quite 
a  large  range,  and  still  have  conditions  favorable  for  vibrations. 

Bridge  No.  17  is  a  thoroughly  modern  one  with  stiff  lower  chords 
and  small  deflection,  but  it  shows  fully  as  great  vibrations  from  passen- 
ger engines  as  the  lighter  bridges.  Freight  trains  were  probably  too  slow 
here  to  cause  much  vibration. 

Bridges  Nos.  18  and  19  are  also  modern  structures.  No.  19  being  very 
similar  to  No.  17.  They  were  experimented  upon  by  the  special  train  be- 
fore mentioned.  The  106- ft.  span  shows  23%  vibration  under  the  loco- 
motive for  a  speed  of  25  miles  per  hour,  and  less  for  higher  speeds;  but 
the  loaded  cars  produced  much  vibration  at  the  high  speeds.  The  panel 
length  in  this  case  is  nearly  equal  to  the  driver  circumference,  and  this 
may  have  influenced  the  vibration  due  to  the  engine.  The  vibration  due 
to  the  cars  cannot,  however,  be  attributed  to  the  stringers,  for  the  rate 
of  vibration  imi^lies  a  distance  passed  over  of  about  25  ft.  for  each  vibra- 
tion, while  the  i^anel  length  is  17  ft.  8  ins.  It  i^ossibly  may  have  been 
due  to  rough  track  near  the  bridge. 

With  Bridge  No.  20  few  exjaeriments  were  made  at  sufficiently  high 
speeds  to  develop  vibrations,  none  at  a  speed  of  less  than  26  miles  per 
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hour  causing  appreciable  disturbances,  although  ten  such  tests  were 
made.  The  i^anel  length  of  25  ft.  is  quite  unfavorable  for  vibration, 
the  locomotive  used  having  56-in.  drivers. 

In  the  next  four  cases  most  of  the  records  of  the  deflectometer  were 
obliterated  by  dampness,  and  the  records  of  the  chord  stresses  must  be 
used  in  lieu  of  anything  better. 

There  is  in  the  first  three  of  these  bridges  slightly  less  than  the  usual 
amount  of  vibration,  but  the  difference  is  not  greater  than  would  be  ac- 
counted for  by  the  lower  8j)eeds  here  observed.  It  was  expected  that 
No.  21  would  have  considerably  less  vibration  than  No.  22,  owing  to  its 
much  greater  rigidity,  but  the  tests  failed  to  show  much  difference.  In 
none  of  these  three  bridges  was  the  j^anel  length  favorable  to  vibration. 
In  the  last  case  no  observations  were  made  on  the  chord,  and  but  three 
of  the  records  of  the  deflectometer  are  available.  The  results  from  the 
diagonal  indicate  rather  high  vibration,  amounting  to  26%  in  one  case. 
The  speeds  are  somewhat  higher  here  than  in  the  other  three  cases. 

Cumulative  Vibration. — In  all  cases  where  large  vibrations  were  pro- 
duced in  the  trusses  tested,  they  were,  without  doubt,  more  or  less 
cumulative,  and  highly  so  in  the  worst  cases;  as,  for  example,  in  the  test 
illustrated  in  Fig.  7.  The  chief  cause  of  vibration  under  the  locomotive 
was  undoubtedly  the  counterweights,  the  effect  of  which  was  increased 
in  some  cases  by  the  deflection  of  the  stringers;  and  the  results  show 
that  cumulative  vibration  from  this  cause  can  occur  for  a  comj^aratively 
■wide  range  of  speed,  the  rate  of  vibration  increasing  with  the  speed. 
True  cumulative  vibration  occurs  only  when  the  impulses  are  timed  to 
agree  with  the  rate  of  \'ibration  of  the  structure;  btit  it  is  to  be  noted 
that  as  the  locomotive  passes  upon  a  bridge  the  natural  rate  of  vibration 
changes  gradually  from  that  of  the  empty  bridge  to  that  of  a  fully  loaded 
one.  The  speed  of  the  train  may,  therefore,  vary  between  quite  wide  limits 
and  yet  cause  cumulative  vibration.  At  the  same  time,  this  change  in 
rate  of  vibration  of  the  bridge  limits  to  a  considerable  extent  the  dura- 
tion and  intensity  of  the  vibrations.  It  is  quite  noticeable,  for  example, 
in  Bridge  No.  13,  that  at  the  higher  speeds  the  vibration  was  usually  of 
the  gTcatest  relative  intensity  before  the  locomotive  reached  the  center 
of  the  bridge,  while  with  the  slower  speeds  it  was  greatest  with  the  bridge 
fully  loaded  (see  Figs.  6  and  7).  Other  cases  of  high  vibration  occurring 
before  the  maximum  deflection  was  reached  are  noted  in  the  table  (see 
also  Fig.  8).     In  the  case  of  vibrations  produced  by  a  uniformly  loaded 
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train,  the  rate  remains  constant,  and  the  vibrations  often  become  highly 
cunuilative.  Si^eeds  too  low  for  ctimnlative  effect  will  canse  non-cumu- 
lative vibration,  as  in  plate  girders,  which  increases  in  intensity  with 
decrease  in  sjiau.  Speeds  too  high  for  cumulative  effect  will  cause 
shocks  to  stringers  and  other  primary  members,  which  will  be  absorbed 
befoi'e  reaching  the  main  truss. 

Professor  Eobinson  has  thoroiighly  discussed  the  subject  of  ctimu- 
lative  vibration,*  and  in  his  paper  derives  an  approximate  formula  for 
the  time  of  vibration  of  loaded  bridges.  His  formula  for  a  uniformly 
distributed  load  is  : 


2gP 

in  which  t  =  time  for  one  complete  vibration;  TF^  total  load,  includ- 
ing weight  of  bridge;  and  d  =  central  deflection  produced  by  any  dis- 
tributed load  P.  He  has  further  shown  the  effect  of  car  and  locomo- 
tive springs  in  reducing  the  time  of  vibration  of  bridge  and  train,  and 
presents  a  formula  taking  account  of  this  effect.  The  author  has  made 
calculations  by  this  formula,  and  also  by  a  somewhat  different  one  of 
his  own,  but  with  very  unsatisfactory  results,  especially  in  the  case  of 
the  locomotive.  Calculations  based  on  constants  obtained  from  the 
railroad  company,  would  call  for  a  rate  of  vibration  of  the  locomotive 
on  its  springs  of  about  2  per  second,  whereas  the  rate  was  found  by 
actual  observation  to  be  between  4  and  5.  It,  however,  can  be  easily 
shown  exj)erimentally  that  a  combination  of  two  elastic  systems  will 
vibrate  as  a  single  system  at  a  rate  somewhat  slower  than  that  of  the 
most  slowly  vibrating  component.  Without  attemj^ting  to  take  account 
of  this  effect  of  the  springs  of  the  locomotive,  or  cars,  the  author  has 
calculated,  by  the  above  formula,  the  rate  of  vibration  for  each  truss 
when  loaded  with  the  heaviest  locomotive  actually  observed  in  each 
case,  followed  by  a  loaded  freight  train  weighing  1  600  lbs.  per  lineal 
foot  (about  the  actual  weight).  These  values  are  given  in  the  sum- 
mary of  tests  on  trusses. 

Summnry  of  Tests  on  Trusses. — In  Table  No.  5  is  presented  a  summary 
of  the  principal  data  of  the  tests  on  trusses.  Detailed  information 
concerning  the  trusses  is  given  in  Table  No.  2.  In  the  third  column 
of  the  table  are  given  the  ratios  of  deflection  to  span-length,  under  the 
average  heavy  train  observed,  to  serve  as  a  measure  of  the  flexibility  of 
*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xvi,  p.  42. 
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tlie  trusses  under  the  actual  traflSc.  As  the  locomotives  varied  con- 
siderably in  weight,  these  figures  do  not  show  the  relative  flexiljihty  of 
the  bridges  under  like  conditions. 

The  most  noteworthy  feature  in  these  results  is,  perhaps,  the  com- 
parative uniformity  in  the  maximum  percentages  added  to  deflection 
by  vibration.  A  reference  to  the  details  of  the  tests  in  Table  No.  4, 
shows  that  the  rate  of  vibration  of  the  structures  agrees  quite  closely 
with  that  of  the  revolution  of  the  drivers,  indicating  that,  as  in  plate 
girders,  the  chief  cause  of  vibration  is  the  unbalanced  wheels.  With 
the  excej^tion  of  Bridge  No.  23,  the  only  ones  in  which  the  vibration 
varies  much  from  an  average  value  are  Nos.  14  and  19.  These  are  among 
the  stiffest  in  the  list,  but  there  are  others  having  high  vibration  which 
are  equally  stiff,  and  it  can  hardly  be  concluded  that  stiffness  is  the 
cause  of  the  small  amount  of  vibration  in  these  two  cases.  In  fact, 
there  is  not  enough  variation  in  the  results  to  enable  conclusions  to  be 
drawn  respecting  the  influence  of  any  of  the  varying  conditions. 

These  tests  do  indicate,  however,  that  the  vibration  in  almost  any 
truss  of  the  span-lengths  here  considered,  is  very  likely  to  be  as  high 
as  20/^,  but  that  it  is  not  likely  to  greatly  exceed  this  percentage  under 
ordinary  traffic.  Considering  the  large  number  of  experiments  and  the 
variety  of  trusses,  it  would  seem  that  the  maximum  might  reasonably 
be  placed  at  25%  for  trusses  of  from  100  to  200  ft.  in  span-length,  and 
perhaps  for  longer  spans,  as  the  tests  do  not  indicate  any  tendency  to 
an  increase  in  vibration  "with  increase  in  span. 

The  minimum  speed  causing  vibration  exceeding  10%  of  the  static 
deflection,  varies  from  about  20  to  about  36  miles  per  hour,  averaging, 
say  30.  In  two  cases,  Nos.  13  and  18,  both  flexible  bridges,  the  maxi- 
mum speed  causing  excessive  vibration,  was  reached  and  passed.  In 
all  other  cases  the  highest  observed  speed  caused  more  than  10%  vibra- 
tion. The  calculated  rates  of  vibration  are  evidently  too  high.  In  Nos. 
13  and  18  they  correspond  with  the  maximum  velocity  of  train  that 
causes  excessive  vibration,  while  in  Nos.  22  and  23  they  are  less. 

As  regards  vibration  caused  by  cars,  very  few  cases  were  noted  for 
each  bridge  in  which  this  was  excessive,  and,  on  account  of  the  small 
number  of  loaded  freight  trains  passing  at  high  speeds,  the  records  for 
Bridges  Nos.  14, 17  and  20  are  not  of  gTeat  value  in  this  connection.  It 
is  noteworthy  that  the  high  i^ercentages  for  cars  are  all  for  bridges  in 
which  the  panel-length  is  very  nearly  equal  to  half  a  car  length.    Bridge 
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No.  22   is  a  very  flexible  structure,   yet  tlie  vibrations   produced   by 
trains  are  invariably  small. 

Calculated  Effect  of  Counterweights. — The  ]3ractice  of  the  Cliicago, 
Milwaukee  and  St.  Paul  Eailway  in  counterbalancing  is  to  counterbal- 
ance for  the  revolving  parts  and  for  two-thirds  of  the  weight  of  the  re- 
ciprocating parts,  the  weight  for  the  reciprocating  parts  being  equally 
distributed  among  the  drivers.  Weights  of  the  reciprocating  parts 
have  been  obtained  for  two  or  three  locomotives  of  each  important  class 
of  engines  involved  in  the  tests  on  this  comjaany's  bridges,  and  average 
values  are  herewith  given,  together  with  the  amount  of  excess  counter- 
weight for  each  wheel,  in  terms  of  weight  applied  at  crank-pin  center. 
The  class  of  locomotive  is  here  indicated  by  its  weight,  which  will 
enable  it  to  be  identified  in  the  tables  of  tests.  The  centrifugal  forces 
of  these  excess  weights  at  speeds  of  40  and  50  miles  per  hour  have  been 
computed,  and  are  given  in  the  following  table  in  terms  of  percentage 
of  weight  on  the  driver.  Account  is  taken  of  the  fact  that  the  counter- 
weights are  90°  apart  and  the  resultant  efifect  is  here  given.  Nos.  5 
and  G  are  ten-wheel  engines. 


No. 

Weight. 

Diameter 

of 
drivers. 

Strolie. 

Weight 

on 
drivers. 

Excess 

weight  on 

each  wheel. 

Centrifugal  Fobce 
(per  cent). 

40  miles  per 
hour. 

50  miles  per 
hour. 

1 

2 

3 

4 

5 

6 

Lbs. 

141  000 
154  000 
146  150 
178  200 
189  100 
170  600 

Ins. 
69 
62 
62 
68 
63 
56 

Ins. 
24 
24 
24 
24 
26 
26 

Lbs. 

50  000 

54  000 

55  400 
64  100 
84  500 
76  700 

Lbs. 

180 
153 
179 
303 
168 
155 

13 
13 
16 
13 
16 
19 

21 
21 

24 
19 
24 
30 

For  spans  less  than  about  35  ft.  in  length  the  deflection  caused  by  a 
locomotive  is  due  almost  entii'ely  to  the  weight  on  the  drivers  at  the  time 
when  it  reaches  its  maximum  value ;  and  for  such  bridges  these  calcula- 
tions would  indicate  an  increase  in  deflection  from  the  centrifugal  force  of 
the  counterweights,  amounting  to  from  20  to  30^  for  speeds  of  50  mUes 
per  hour.  For  s^jans  50  ft.  long  the  entu-e  locomotive  is  on  the  bridge 
when  the  maximum  deflection  takes  jjlace,  but  the  drivers  still  cause 
about  two-thii-ds  of  this,  and  the  calculable  value  of  the  effect  of  the 
counterweights  would  therefore  be  approximately  15%  of  the  static 
deflection.      For  a  100-ft.  span  the  values  would  be  fi'om  one-third  to 
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one-half  of  those  given  in  the  table,  or  from  7  to  15%,  for  velocities  of 
50  miles  per  hour.  In  all  this  compvitation,  cnmnlative  action  has  been 
neglected.  Such  action,  undoubtedly,  increases  greatly  the  vibration  in 
the  longer  spans. 

The  above-comijuted  values  are  considerably  less  than  the  observed, 
but  they  suffice  to  show  that,  for  short  spans  at  least,  vibration  is  cer- 
tain to  be  large  so  long  as  locomotives  are  used  which  cannot  be  perfectly 
balanced.  The  excess  of  the  observed  vibration  over  the  computed 
can,  undoubtedly,  be  accounted  for  in  many  cases  by  the  fact  that  the 
locomotive  is  vibrating  on  its  springs  as  it  passes  upon  the  bridge.  The 
author  has  endeavored  on  two  occasions  to  learn,  if  possible,  by  obser- 
vation from  the  locomotive,  if  such  viljration  took  place.  In  both  cases 
veiy  considerable  vibration  was  noted  frequently  as  occurring  at  a  rate 
of  about  4  per  second,  and  when  it  was  most  noticeable  it  agreed  almost 
exactly  with  the  rate  of  revolution  of  the  drivers.  Small  bridges  were 
crossed  in  some  instances  while  this  vibration  was  quite  marked,  and  a 
test  would,  no  doubt,  have  sho-\vn  the  effects  of  this. 

Relation  of  Stresses  to  Deflections. 

Cfw7'ds. — An  examination  of  the  table  will  show  that  the  percentage 
of  increase  in  chord  stress  is  usually  about  the  same  as  in  deflection.  In 
a  few  cases  there  is  considerable  difference,  sometimes  the  chord  stress 
being  the  greater  and  sometimes  the  deflection. 

Diagonals. — Here,  again,  in  many  cases  the  variation  in  stress  agi'ees 
■with  that  in  the  deflection,  but  on  the  average  the  increase  in  the  former 
is  considerably  the  higher.  Considering  only  the  effect  of  the  locomo- 
tive, and  discarding  those  tests  in  which  the  train  moved  in  the  wrong 
dii-ection  to  cause  a  large  stress  in  the  diagonal,  it  will  be  found  that  the 
maximum  percentage  of  increase  for  the  diagonal  is  30%",  compared  with 
19%  for  the  deflection  in  the  same  test.  As  the  maximum  stress  in  the 
center  diagonal  occurs  before  the  maximum  deflection,  the  increase  in  its 
stress  due  to  vibration  depends  upon  the  vibration  occuriing  slightly 
earlier  than  that  which  determines  the  increase  in  deflection  as  usually 
recorded  (see  Tests  Nos.  33  and  27,  on  Bridge  No.  13). 

Hip  Verticals. — The  increase  in  stress  in  the  hip  vertical  from 
vibration  is  in  most  cases  much  higher  than  in  deflection,  the  maximum 
values  varying  between  15  and  47%,  if  one  doubtfiil  value  of  72%  is 
omitted.     If  most  weight  is  given  to  the  figures  obtained  from  a  large 
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number  of  experiments  on  tlie  same  bridge,  an  average  maximum  value 
would  be  about  40%,  or  approximately  the  same  as  found  in  plate  gir- 
ders of  40  or  50-ft.  sjjan  lengths. 

From  the  theoretical  standi^oint  these  results  are  about  as  would  be 
expected.  The  action  of  a  locomotive  on  a  bridge  when  cumulative 
vibration  takes  place  is  two-fold:  First,  there  is  the  local  effect  of  each 
impulse  from  the  drivers,  and,  second,  the  effect  on  all  parts  of  the 
structure  due  to  vibration.  The  effect  on  the  chord  members  is  mainly 
from  the  latter  cause;  that  on  diagonals  from  both,  while  the  hip  verti- 
cals and  floor  system  near  the  end  of  the  bridge  would  feel  mainly  the 
local  effect.  Stringers  and  floor  beams  near  the  center  of  the  bridge 
would  feel  both  the  effect  of  the  extra  pressure  due  to  vibration,  and  the 
impact  of  the  drivers.  No  experiments  were  made  on  stringers  or  floor 
beams,  but  assuming  them  to  receive  the  same  impact  as  short  girders, 
the  total  effect  on  these  members  would  be  something  like  75  per  cent. 
This  may  in  reaKty  be  somewhat  reduced  by  the  more  or  less  elastic  suj)- 
ports  of  these  girders. 

Secondary  Stresses  and  Computed  Deflections, 
As  incidental  to  the  main  object  of  the  tests,  there  were  many  cases 
where  secondary  stresses  were  determined  by  using  both  extensometers 
on  the  same  member.  As  some  of  the  results  may  be  of  interest,  indi- 
cating as  they  do  the  possible  magnitiide  of  these  stresses,  they  will  be 
here  given.  In  the  jjlate  girders,  for  example,  the  observed  stresses 
varied  from  the  compiited  as  follows: 

For  25-rt.  Span. 
Top  outside  flange,  observed  value  =  130%"  of  computed. 
Bottom         "  "  "  =  180% 

"      inside  "  "  :=    45% 

For  30-Ft.  Span. 
Top  outside  flange,  observed  value  =  125%  of  computed. 
Bottom         "  "  "  =170% 

"      inside  "  "  =    70% 

For  45-ft.  spans  and  longer  the  flange  stresses  agreed  very  well  with 
the  computed,  except  in  the  through  girders,  where  the  lower  flange 
stress  was  only  aboiit  70%  of  the  computed  value. 
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In  general,  the  different  bars  of  the  same  chord  member  had  nearly 
the  same  stress,  but  all  had  more  or  less  bending  stress  near  the  pin. 
This  was  not  great  for  well-projiortioned  eye-bars,  but  was  high  for 
some  very  light  bars  on  Bridge  No.  15;  and  in  the  stiff  chords  of  Bridge 
No.  17  the  upper  flange  had,  near  the  jjin,  only  75%  as  great  a  stress 
as  the  lower,  while  in  a  similar  bridge,  No.  19,  the  upper  flange  had 
less  than  60%"  of  the  lower. 

Diagonal  bars  pulled  abovit  equally,  except  in  Bridges  Nos.  13  and 
16,  where  in  one  case  the  outside  bar  received  65%",  and  in  the  other  only 
50^,  as  much  as  the  inside. 

Hip  verticals,  where  made  of  bars,  were  about  equally  stressed.  In 
one  case  of  stiff  members  the  outside  flange  received  4:0%  as  much  as 
the  inside,  and  in  another  case  70  per  cent. 

In  those  bridges  having  an  iron  floor  system  the  observed  chord 
stresses  were  always  from  20  to  S0%  less  than  the  computed  (see  Figs.  2 
and  3),  whereas  the  observed  diagonal  stresses  averaged  about  the  same 
as  the  computed.  The  cause  of  this  small  chord  stress  was,  undoubt- 
edly, the  action  of  the  stringers  as  tension  members.  To  find  what 
effect  this  tension  had  on  the  floor  beams,  a  few  experiments  were  made 
on  the  end  floor  beam  of  one  bridge.  A  stress  as  high  as  3  000  lbs.  per 
square  inch  was  observed  in  the  flanges,  due  to  horizontal  bending,  this 
value  being  two-thirds  as  great  as  the  stress  due  to  the  vertical  load. 

In  the  lighter  bridges,  and  in  the  long  diagonals  of  nearly  all  the 
bridges,  considerable  vibration  occurred  in  the  individual  bars,  causing 
high  stresses  in  some  cases,  and  being  objectionable  in  general.  This 
was  not  observed  in  the  chord  bars  of  the  heavier  structures. 

It  is  doubtless  true  that  secondary  stresses  are  often  much  greater 
than  stresses  due  to  the  vibration  of  the  structure  as  a  whole ;  and  it  is 
an  open  question  whether  more  attention  should  not  be  jjaid  to  this 
feature.  Experiments  with  the  apparatus  herein  described  can  readily 
be  made,  and,  if  thoroughly  carried  out  for  a  few  well-desigiaed  trusses 
of  any  given  form,  would  give  a  good  idea  of  the  amount  of  these 
secondary  stresses.  Theoretical  investigations  are  for  many  eases  quite 
practicable,  but  for  others  are  too  comiDlicated  for  ready  use,  and  actual 
tests  are  much  more  instructive.  A  large  railway  comj^any  could  well 
afford  to  possess  a  few  of  the  iDstruments  such  as  described  in  this 
paper,  as  tests  could  easily  be  made  which  would  be  of  much  assistance 
in  the  development  of  standard  designs. 
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DeflectioBs  have  been  compiited  for  Bridges  Nos.  18  and  19  by  tlie 

formula  involving  the  distortions  of  each  member,  I)  =  2  ^-^r-.    The  re- 

suits  are,  for  No.  18,  i)  =  0.54  in.,  and  for  No.  19,  Z)  =  0.37  in. ;  or, 
making  apj^roximate  allowance  for  reduced  chord  stress  on  account  of 
the  action  of  the  stringers,  these  values  become  0.50  in.  and  0.35  in., 
respectively.  The  observed  values  averaged  about  0.49  in.  and  0.33 
in.,  respectively. 

Results  of  Other  Experiments. 

The  first  published  report  of  experiments  on  bridges  under  moving 
loads,  that  has  come  to  the  author's  notice,  is  that  of  some  tests  made 
by  Professor  Fraenkel.*  They  were  made  with  instruments  similar  to 
those  described  in  this  paper,  but  the  extensometer  as  then  constructed 
Avas  not  very  reliable.  The  tests  are  of  value  chiefly  in  showing  the 
amount  of  the  secondary  stresses  in  small  riveted  gii'ders,  but  a  few 
experiments  were  made  which  bring  out  the  effects  of  high  sjieeds. 
Deflection  tests  on  four  small  girders  showed  an  increase  of  from  2 
to  48jJ^  in  the  deflection  (including  the  eff"ect  of  vibration)  over  that 
occurring  at  slow  speeds.  In  a  truss  of  36.37  m.  span  the  chord 
stress  was  not  increased  by  an  increase  in  speed;  but  there  was  con- 
siderable increase  shown  in  web  members  and  in  the  floor  system. 

The  first  really  imjjortant  series  of  tests  are  the  well-known  experi- 
ments made  by  Professor  Robinson,!  to  which  reference  has  already 
been  made.  The  results  of  his  tests  on  five  bridges  of  from  141  to  156- 
ft.  span-lengths  show  percentages  of  vibration  for  the  locomotive  vary- 
ing from  19  to  28. 6.  One  of  these  spans  was  a  Whij)ple  truss,  while  all 
others  were  Pratt  trusses.  All  had  panel-lengths  ajJioroximately  equal 
to  the  locomotive  driver  circumference;  the  stringers  were  in  three 
cases  wooden,  and  in  the  other  cases  iron,  of  a  depth  of  from  24  to 
26  ins.  In  two  other  bridges  of  128-ft,  spans,  the  vibration  was  11.4% 
and  15.9  per  cent.  In  these  the  rails  rested  on  wooden  floor-beams  sup- 
ported directly  by  the  lower  chord.  Still  another  bridge,  a  very  stiff, 
double-track  sjjan  of  154  ft.  6  ins.,  with  a  panel  length  of  19  ft.  3|  ins., 
was  reported  as  having  very  little  vibration.  In  all  these  tests  the 
maximum  vibration  from  cars  was  50  per  cent. 

These   experiments   by   Professor   Robinson   agree   very   well   with 

those  made  by  the  author,  except  that  for  cars  the  maximum  vibration 

*  Der  CiviUngenieur,  1881-1884  and  1887. 

t  Transactions,  Am.  Soc.  C.  E.,  Vol.  xvi,  p.  42. 
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obsei-ved  by  the  latter  was  somewhat  less.  In  no  case,  hoAvever,  in  any 
of  the  exj^eriments,  was  the  maximum  deflection  from  a  train  as  great 
as  that  from  the  locomotive. 

A  test  of  a  riveted  bridge  of  35-m.  span  is  reported  by  M.  Cue- 
not.  *  The  Manet  apparatus  was  used,  and  it  is  stated  that  the  stresses 
in  the  various  members  averaged  about  22%  higher  under  a  speed  of 
25  km.  per  hour  than  at  a  low  speed,  or  under  static  load.  As  the  instru- 
ment is  not  one  which  gives  a  continuous  record,  it  is  to  be  supposed  that 
this  increase  in  stress  includes  all  effects  of  vibration.  The  detailed  figures 
show  much  irregularity  in  the  percentages  for  the  various  members. 

A  series  of  exi^erimeuts  which  will  undoubtedly  be  of  great  value 
when  completed  is  that  now  being  carried  on  by  M.  Rabut  on  the  West- 
ern Railways  of  France.  M.  Rabut  reports  his  tests  to  showf  that  in  a 
jalate  girder  of  60-ft.  span,  with  a  static  deflection  of  f  in.,  vibration  will 
not  increase  the  deflection  by  more  than  one-tenth.  He  also  flnds  the 
same  relative  increase  in  stress  as  in  deflection.  Secondary  stresses  are 
found  to  be  large.  From  some  previous  work  done  by  him  on  eight 
bridges,  of  sjians  from  4  m.  to  62  m.  in  length,  J  he  comes  to  the  following 
conclusions:  At  high  speeds  vibration  is  governed  by  wheel-base,  cars, 
and  lianel-lengihs ;  it  increases  with  the  sjieed.  In  large  sj^ans  this  vibra- 
tion is  only  a  small  fraction  of  the  static  deflection.  Excess  of  dynamic 
over  static  deflection  is  very  small  with  main  girders  of  long  sjDans;  it  is 
sensible  for  beams  and  main  girders  for  short  spans,  and  considerable 
for  stringers,  especially  near  abutments.  The  time  of  vibration  is  inde- 
pendent of  speed.  Increase  in  speed  scarcely  affects  mean  deflection, 
but  increases  vibration,  although  this  increase  is,  for  large  spans, 
only  a  small  percentage  of  the  deflection.  As  regards  increase  in  mean 
deflection  from  increased  speed,  these  results  agree  with  the  author's 
exiaeriments,  but  the  effects  of  vibration  ajipear  to  be  much  less  marked 
in  the  experiments  of  M.  Rabut. 

Professor  M.  A.  Howe  has  described!  some  observations  of  vertical 
and  lateral  deflection  made  on  two  bridges  of  122  and  164-ft.  sj^an 
lengths.  Very  little  vibration  was  observed  in  these  experiments,  the 
highest  for  trains  being  l.b%,  and  for  a  single  locomotive  10  per  cent. 
The  speeds  were,  however,  all  low,  nearly  all  being  below  25  miles  per 

*  Annales  des  Fonts  et  Chausies,  July,  1891,  p.  5. 
t  Engineering,  August  13th,  1897,  p.  183. 

t  Le  Ganie  Civil,  Vol.  xxii,  1892,  p.  88;  abstracted  in  Min.  Proc.  Inst.  C.  E.,  Vol.  cxli, 
p.  391. 

§  Journal  of  the  Association  of  Engineering  Societies,  Vol.  xlv,  1895,  p.  513. 
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lioiar,  wliicli,  from  the  author's  tests,  appears  to  be  too  low  to  develop 
much  vibration. 

A  number  of  measurements  of  stresses  in  individual  members  wei'e 
made  on  three  bridges,  in  1893,  by  Messrs.  Hankenson  and  Ledger, 
using  for  the  work  the  extensometer  already  mentioned.  *  Theii-  experi- 
ments were  mainly  on  hip  verticals,  but  some  records  were  obtained 
from  other  members.  The  curves  show  some  vibration  similar  to  that 
found  by  the  author,  and  indicating  excess  of  dynamic  over  static  stress, 
but  the  increase  appears  to  be  considerably  less.  The  diagi-ams  from 
the  lower  chord  show  considerable  vibration  of  the  structure  as  a  whole, 
but  the  record  is  mostly  masked  by  the  very  rapid  vibrations  of  the 
instrument,  which  were  accompanied  by  a  jarring  sensation,  as  noted  by 
the  exjjerimenters.  Their  instrument  was  evidently  very  sensitive  to 
these  rapid  vibrations  which,  however,  may  have  been  really  very  small, 
as  the  author  is  inclined  to  believe  was  the  case.  The  records  from  the 
diagonal  indicated  as  much  as  20%  increase  in  stress  due  to  vibration  of 
the  structure. 

The  latest  mention  of  experiments  on  bridges  is  in  the  recent  paper 
by  Mr.  Stone. f  In  this  i^aper  the  author  bases  his  coefficients  for  "im- 
mediate effect  "  entu'ely  on  results  of  tests  on  bridges  in  India.  Average 
percentages  from  these  results  are  given  in  the  form  of  a  curve  on  page 
372.  From  this  it  appears  that  the  experiments  referred  to  showed  an 
increase  due  to  imj^act  of  from  50%  foi"  very  short  spans,  to  about  14%" 
for  spans  in  which  the  ratio  of  fixed  to  moving  load  is  one-fourth,  and 
about  7%  where  this  ratio  is  one-half.  While  it  is  probable  that  these 
values  for  short  spans  are  none  too  high  and  agree  very  well  with  the 
results  of  the  author's  experiments,  the  coefficients  for  the  longer  spans 
appear  to  be  much  too  low  for  American  practice,  as  indicated  both  by 
Professor  Robinson's  exjieriments,  and  those  herein  described.  It  would 
be  very  desirable  to  know  more  in  detail  of  the  nature  of  the  tests  referred 

to  by  Mr.  Stone. 

Conclusions. 

The  following  is  a  summary  of  the  principal  results  and  conclusions 
which  have  ah-eady  been  mentioned: 

(1)  Speeds  less  than  about  25  miles  i^er  hour  are  not  likely  to  result 
in  mtich  vibration. 

*  Engineering  News,  May  9th,  1895,  p.  300. 

t  "  The  Determination  of  the  Safe  Working  Stress  for  Railway  Bridges  of  Wrought 
Iron  and  Steel,"  by  E.  Herbert  Stone,  M.  Am.  Soc.  C.  E.;  Proceedings,  Am.  Soc.  C.  E., 
May,  1898,  p.  Stii. 
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(2)  The  ineivaso  in  detieetiou  due  to  vibi*ations,  caused  l)y  locomo- 
tives ruuuiug  at  speeds  of  40  to  50  miles  per  hour,  is  likely  to  l>e  40  or 
50%"  for  gu-der  spaus  of  less  thau  50  ft.  in  leugtli. 

(3)  This  percentage  decreases  rapidly  for  longer  spaus,  becoming 
about  2500  as  a  maximum  for  75-ft.  spans. 

(4)  Owing  to  cumulative  eflfect.  the  percentage  is  likely  to  be  a  maxi- 
mum of  20  or  25,  for  spans  from  75  ft.  to  150  ft.,  or  more,  in  length,  but 
the  experiments  indicate  no  increase  in  percentage  for  increase  in  span. 

(5)  The  relative  increase  in  chord  stress  is  about  the  same  as  in  de- 
flection; that  in  center  diagonal  is  somewhat  more  than  in  the  deflec- 
tion; and  in  hip  vertical  it  corresponds  more  nearly  to  that  in  girders 
of  40  to  50-ft.  span-lengths. 

(6)  The  effect  of  speed  of  application  of  the  load  ou  mean  deflection 
was  of  no  consequence  in  the  spans  tested  (the  increase  in  deflection  from 
live  load  being  due  to  vibration),  although  theory  points  to  an  appreci- 
able increase  from  this  cause  in  very  short  spans  without  camber. 

(7)  Secondary  stresses  are  likely  to  be  high  in  small  girders  with 
shelf-angles,  and  in  some  parts  of  trusses,  and  the  discrepancy  between 
observed  and  computed  stress  may  be  greater  from  this  cause  than 
from  the  dynamic  effect  of  moving  loads. 

In  conclusion,  the  author  desires  to  acknowledge  his  great  indebted- 
ness to  the  various  officials  of  the  Chicago,  Mihvaukee  and  St.  Paul  Kail- 
way  and  of  the  I'uiou  Pacific  Eailroad,  who  kindly  furnished  facilities 
and  information  which  have  enabled  these  experiments  to  be  carried  out. 
Of  those  connected  with  the  former  road,  special  thanks  are  due  to 
Onward  Bates,  M.  Am.  Soc.  C.  E. ,  Engineer  and  Superintendent  of 
Bridges  and  Buildings,  for  his  great  assistance  and  kindly  interest 
throughout  the  entire  work;  to  J.  N.  Barr,  M.  Am.  Soc.  C.  E.,  Super- 
intendent of  Motive  Power,  and  Mr.  A.  E.  Manchester,  Assistant 
Superintendent  of  Motive  Power,  for  much  information  regardiug 
weights  of  locomotives  and  cars;  and  to  Division  Superintendents 
Messrs.  J.  W.  Stapelton  and  C.  A.  Cosgrave  for  special  facilities  in  the 
way  of  trains.  To  George  H.  Pegram,  M.  Am.  Soc.  C.  E.,  former 
Chief  Engineer,  and  Mr.  J.  B.  Berry,  now  Chief  Engineer  of  the  Union 
Pacific  Eailroad  Company,  the  author  is  indebted  for  facilities  and  data 
in  connection  with  the  tests  made  on  the  four  bridges  of  that  road. 

The  author  is  also  greatly  indebted  to  A.  D.  Stewart,  M.  E.,  for 
many  valuable  suggestions  and  for  his  assistance  in  carrying  out  the 
experiments. 
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TABLE  No.  1. — Dimensions  or  Gibdek  Beidges. 
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*  Ten-wheel  engines;  all  others  of  American  type. 

t  Roughly  approximate  when  given  in  whole  numbers. 
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+  All  experiments  on  bridges  Nos.  11  and  12  were  made  with  a  special  train  vs'hich  al- 
ways faced  toward  the  east. 

X  Engine  454  is  a  ten-wheel  engine. 
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22 
24 
39t 
36 
41 

F.  W. 
F.  W. 

F.  W. 

F.  W. 

F.    E. 

F.    E. 

F.  W. 

F.   E. 

714 
777 

Cars . 
747 

Cars . 

189  100 
189  1(X) 

62 
63 

27 

37 

4  200 

24 

3.5 

3.7 
2.4 
2.4 
2.2 
2.5 
3.8 
2.5 
3.8 
3.8 
3.3 
2.4 
3.0 
2.8 

9^  5 

0.68 
0.42 
0.65 
0.44 
0.70 
0.75 
0.58 
0.73 
0.50 
0.71 
0.71 
0.57 
0.67 

6!69 
0.80 
0.45 
0.73 
0.52 
0.67 
0.57 
0.73 
0.64 
0.71 
0.51 
0.80 
0.66 

13 
20 
17 
26 
20 
19 
26 
14 
30 
11 
17 
33 
6 

■12" 
6 
18 
10 
17 
5 
14 
10 
9 
5 
16 
5 
8 

6  700 
3  300 
6  300 
3  500 
6  800 

13 

37 
35 
40 
31 

9.  5 

189  100 

63 

37 

9  5 

709 

773 

Cars . 

189  166 
189  100 

63 
63 

37 
28 

9,  5 

4  300 

2  800 

3  700 
2  700 

4  000 

19 

33 
10 

9  6 

720 
Cars. 

189  100 

63 

28 

9  6 

788 

189  100 

63 

38 

28 

9  6 

F.  W. 
F.  W. 
F.    E. 

F.    E. 

F.    E. 
F.  W. 

F.   E. 

P.   E. 
F.  E. 

P.   E. 
P.  W. 
P.   E. 

Cars . 
793 

720 

747 

788 

Cars. 

a 

i89  166 
189  100 
189  100 
189  100 

63 
62 
62 
62 

29 
30 
30 
31 

3  700 
3  800 

8 
13 

9  7 

P, 

9  8 

CO 

3  000 

55 

3.0 

9  8 

^J 

9  9 

"V 

ig 

788 
781 

794 

721 

720 

Cars. 

189  100 
189  100 

189  100 

178  200 
189  100 

63 
62 

62 

68 
62 

31 

a..| 

33 
33 

5  300 

6  100 

5  400 

5  000 
5  700 
4  300 

30 
16 

15 

10 
11 
21 

3 
3 

3 

3.3 

3 

3.5 

3.7 

4 

3.3 

3.5 

3.5 

3.4 

4 

4.5 

5 

9  9 

1 

i 

9  9 

00 

3  0 

Iz; 

) 

3.8 
3  1 

734 

731 

178  200 
178  200 

68 
68 

37 

37 
37 
40 
40 
40 
40 
47 
50 

4  400 

7 



3  1 

4  400 

5  300 

14 
13 

3  1 

P.  W. 
F.  W. 
P.  W. 
P.    E. 
P.  W. 

731 
761 
732 

721 

178  200 
189  100 
178  200 
178  200 

68 
62 
68 
68 

0.67 
0.70 
0.69 
0.67 
0.68 

4 
11 
5 
5 
5 

4  500 
4  000 
4  100 

5 

10 
10 

8  4 

3  7 

3  4 

4  100 
6  300 

5  800 

33 
11 
34 

3  4 

P.  W. 

723 

178  300 

68 

3  300 

73? 

4  9 

All  freight  engines  are  ten-wheelers. 

*  Maximum  vibration  occurs  before  maximum  deflection  in  Nos.  33  and  27. 
t  Tests  Nos.  37,  33,  40  and  39  were  made  on  center  diagonal,  all   others  on  end  diag- 
onal. 
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Deflec-  Stress  in  Stress  in 
TioN.    I    Chord,    i  Diagonal 


«^     X  C  -3 
IJ       '  fl  o  3 


Stress  in 

Hip. 

■o 

a 

a 

73 

o 

^S3 

■n  C 

a 

S^S 

CS  O 

<D  1/5- 

^■a  ju 

f^5 

o 

n  o  ^ 

0; 

cs 

S^« 

X> 

S 

Ph 

> 

Ilast^e^ 


93 
110 
97 
92 
94 
99 
101 
90 
95t 
105t 

103t 

107t 

96 
91 


F.  E. 
F.  E. 
F.  W. 
L.  W. 
P.  E. 
F.  W. 
F.  W. 
F.  W. 
P.  W. 

F.  W. 
F.  W. 
F.  W. 


426 
403 
637* 
411 
403 
403 
403 
407 

403 
403 


411 

411 


126  600 
121  000 
182  000 
119  150 
121  000 
121  000 
121  000 
121  000 

121  000 
121  000 

121  000 

119  150 
119  150 


0.41 
0.46 
0.41 
0.39 
0.37 
0.41 
0.41 
0.36 
0.35 

0.41 

0.41 

0.41 
0.33 


47  10.33 


5 

2  500 

4 

« 

0 

2  200 

0 

5 

2  400 

6 

3 

2  250 

4 

2 

2  300 

0 

6 

2  200 

4 

5 

2  200 

4 

3 

1  800 

0 

9. 

} 

10 

1 
1 

5 

-1 

7 

2  500 

16 

12 

1  800 

8 

2.6 
3.3 

3  000 

7 

2  800 

5 

2.5 
3 

3.5 
3.0 

2  800 
2  800 

2 
9 

3  400 

2  500 

3  400 

2  500 

3  400 
2  000 

4. 
14. 

5. 
16. 

3. 

0. 

end., 
c'nt'r 
end . . 
c'nt'r 
end. . 

3 

7 
3 

7 

c'nt'r 
2  500 

16 

4 
4.4 

t  Test  No.  95  was  made  on  end  chord,  all  others  on  chord  near  center. 

t  Vibrations  recorded  for  center  diagonal  were  due  to  vibration  of  bar  and  not  of 
bridge. 

Seven  unrecorded  tests  at  speeds  from  8  to  15  miles  per  hour  showed  no  appreci- 
able vibrations. 


Eaxf,  ^ 

/ 

\ 
\ 

X 

X 

/        /\ 

\ 

125 

130 
118 
114 

146 
132 

148 
154 
126 
152 
149 

155 
133 
150 
127 
121 

115 
5ix  0 

F.  E. 

F.  W. 
F.  W. 
F.  E. 

F.  E. 
F.  W. 

F.  W. 
F.  E. 
F.  W. 
F.  W. 
F.  E. 

P.  E. 
P.  E. 
P.  W. 
P.  W. 
F.  E. 

P.  W. 

480 
Cars. 
442 
480 
442 
Cars. 

146  150 

62 

23  0  41 

0 
12 
5 
7 
5 
10 
6 
13 
28 
5 
6 
12 
13 
9 
17 
12 

5  700 
1  300 

5 
11 

9.   1 

0.16 
0.37 
0.36 
0.36 
0.26 
0.39 
0.38 
0.30 
0.35 
0.35 
0.39 
0.36 
0.38 
0.23 
0.37 

4.5 

146  150 
146  150 
146  150 

63 
62 
62 

24 
25 
26 

3  300 

18 

9,  9 

1  80O 
5  800 
3  000 

9 
9 

18 

2.5 

9   3 

9  4 

fe 

■■439' 

'146 'isO 

■62' 

27 
28 

5  500 
2  100 
2  100 
5  200 

5 

38 
60 

8 

6  800 

9 

3 

3 

3 

3 

3 

3.1 

3.6 

3 

2.5 

3 

4 

Pu 

6  500 
5  000 

17 
24 

9   R 

in 

553 
487 
504 
442 
358 
Cars. 

146  150 
146  1.50 
146  150 
146  150 
141  000 

62 
62 
62 
62 
69 

28 
29 
30 
31 
33 

8  400 

19? 

9  R 

S 

9  7 

4  300 

12 

9  8 

1 

8  500 
7  500 

16? 
12 

9  9 

in 

9  7 

^ 

546 
546 
365 
362 
496 

141  000 
141  000 
141  000 
141  000 
146  150 

69 
69 
69 
69 
62 

33 
34 
37 
37 
39 

5  000 

20 

9  7 

3  500 

8 

9  8 

0.35 
0.37 

14 
10 

3  1 

4  300 
4  400 
3  000 

12 
23 
20 

4 

3  1 

3  R 



541 

141  000 

69 

39 

rtoi 

0.37 
8  mi 

6 
lesp 

3  2 

ther  te 

sts  at  E 

peeds  f r 

om' 

er  hou 

rga 

ve  no  appreciable 

;  vibratio 

n. 

*  Ten-wheel  engine. 
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Stress  in 

Stress  in 
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TION. 

Chord. 
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Hip. 
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6 
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-p 
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o 

> 
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■3 

-o 

■n 

o 

^T^ 
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,3 

a  o 
.«a 

a 
o 

ti 

£^ 
,2  a 

5'" 

» 

■u 
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6 
be 

g 

a 

M 
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tw 
O 

6 

5 
a 

C 

a 

CM 

o 
6 

p  a 

CM      ^ 

|1 

S 

5: 

s 

■s  a 

c8  o 
hfCS 

ean    stress,    i 
pounds  per 
square  inch. 

Sa 

C8  O 
OJ  '^ 

a  o  i, 

73     . 

ce  o 
a) '-3 

<"  S  2 
w  aa 

^^■^ 

a  o  ^ 
ts  ai^ 

-a  . 

■73  a 

CS  o 
§> 

OJ 

a 

a 
.2 

2 

.2a3 
o 

PQ 

!z; 

M 

!2; 

a 

cc 

S 

Hh    |S 

^^ 

s 

Ph 

S 

Oh 

> 

tf 

147* 

P.W. 

362 

IIH 

P.  E. 

5:38 

lao 

P.  E. 

362 

laa 

F.W. 

10 

12:^ 

F.  E. 

10 

117 

P.  W. 

367 

129 

P.  w. 

305 

145 

P.E. 

361 

134 

P.  E. 

361 

141  000 
141  000 
141  000 

69 
69 
69 

41 
42 
42 
43 
43 
44 
44 

«| 

47 

141  000 
141  000 

141  000 

141  000 

69 
69 

69 

69 

).37 

13 

0.3(1 

14 

0.36 

20 

0  29 

7 

0.35 

10 

0,39 

7 

0.27 

19  1 

0.38 

10* 

0.29 

12 

3.4 
3  5 
3.5 


3.6 
3.6 

3.7 
3.9 
Increase  in  stress  in  diagonal  and  hip  due  chiefly  to  vibration  of  the  individual  bars. 

£■08^  - 


4  500 

33 

7  000 

45 

4 

3.8 
3.5 
3.6 

4  800 
7  000 
3  750 
3  800 

13 
19 

8 
5 

4  800 
4  800 


12 
30 

4 
4 
4 

6  000 

30? 

4  000 

12 

178 

F.  E. 

202 

F.  E. 

188 

F.W. 

181 

P.  W. 

184 

F.  E. 

187 

F.W. 

201 

P.E. 

195 

F.  W. 

190 

F.  E. 

193 

F.  E. 

179 

P.E. 

200 

F.  E. 

196 

F.  E. 

197 

P.  E. 

185 

P.  E. 

191 

P.  E. 

177 

F.  W. 

174 

P.E. 

199 

P.  E. 

176 

P.  W. 

186 

P.  W. 

182 

P.  E. 

194 

P.  W. 

442 

146  150 

62 

20 

492 

146  150 

62 

24 

584 

146  150 

62 

25 

360 

141  000 

69 

28 

486 

146  150 

62 

28 

Cars. 

439 

146  i.io 

i'tl 

2S 

367 

141    (UK) 

(i'.t 

HI 

358 

141  000 

(iO 

31 

496 

146  150 

()2 

31 

504 

146  150 

62 

32 

365 

141  000 

69 

36 

439 

146  150 

62 

36 

Cars. 

480 

i46  iso 

62 

37 

541 

141  000 

69 

37 

361 

141  000 

69 

37 

546 

141  000 

69 

40 

496 

146  150 

62 

40 

362 

141  000 

69 

41 

538 

141  000 

69 

43 

367 

141  000 

69 

45 

362 

141  000 

69 

45 

545 

141  000 

69 

47 

545 

141  000 

69 

50 

0.43 
0.43 
0.35 
0.36 
0.37 
0.14 
0.34 
0.38 
0.36 
0-43 
0.43 
0.40 
0.44 
0.31 
0.43 
0.41 

0.39; 

0.37; 

0.39' 
0.401 
0.38; 
0.37 
0.37] 
0.361 
0.36 


7 

2  800 

7 

4 

3.3 

2.7 

3.8 

3.9 

4.7 

3 

3.2 

3.2 

3.2 

3.1 

6 

4  800 

6 

2  300 

15 

8 

3  300 
2  900 

2  800 
800 

3  000 

6 

10'? 

6 
21 

5 

35 

5 

4  800 
500 

6 

80 

1i^ 

r^l 

4  600 

22 

2  500 
4  000 

's'soo 

40? 
12 

"so* 

11 

18 

5  200 

21 

15 

\9, 

3  800 

11 

11 

4  800 
1  900 

25 

58 

2  500 

28 

3.2 

3.7 

3.4 

3.7 

3.5 

3.7 

4 

3.7 

4.1 

4 

3.8 

4 

4.3 

15 

4 

3  500 
2  303 

14 
11 

7 

4  600 
4  800 
4  300 

15 
33 
23 

15 

2  900 

14 

11 

11 

2  900 

3  000 

17 
16 

18 

13 

4  600 

19 

2  100 

19 

11 

2  500 
2  800 
2  900 

13 
16 
17 

17 
flO 

3  900 

4  500 

38 
18 

14 

3  000 

35 

1.8 
3.3 
2.3 
2.3 
2.6 

'2;6 

2.6 
2.6 
2.9 
3.0 
3.0 
3.3 

'3!4 
3.1 
3.1 
3.3 
3.7 
3.4 
3.6 
3.7 
3.7 
3.9 
4.1 


Eight  other  tests  at  speeds  from  8  to  36  miles  per  hour  showed  no  appreciable  vibra- 
tion. 
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m 
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Stress  in 

Stress  tn 
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« 
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Hip. 

o 
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t 

d 

0 
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0; 
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a 

13 

T5 

.^ 

T3 

1 
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o 

■^r^ 

S 
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4§ 

a 

o 

•a  . 

T1  H 

2  „• 

^S5-s 

0) 

^uA 

'3  d 

a.  a 

6 

0) 

p. 

o  c 

"1 

2t 

II 
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03  O 

c3  O 
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05  m 
£3  t. 

^ 

01 

■53 

a 

a 

0) 

^ 

O 

^« 

55 

1^'^^ 

iS2 

m  S  !- 

55 

to  "3  ?^ 

55 

•■S  CS. 

o 
d 

C6 

a 

o 
6 

§1 

1) 

1 

0) 

3  s 

fl  O  3 

»          CO 

a  o  ^ 

3S 
0  o  -^ 

C8 

5 

o 

> 

m 

!z; 

M 

;25 

Q 

02 

S 

Ph 

s 

Ph 

S         ft 

S 

Pi 

>^ 

p^ 

East, 


2591P.  E. 

228  P.  E. 
226  !f.  W. 
241 1  P.  E 
257  F.  E. 
251  :F.  E. 

229  F. 
240 IP.  W. 
252 1  P.  W. 
250  P.  W. 
246  P.  W. 
254  P.  W. 
248  P.  W. 
235'P.  W. 

230  P.  W. 

231  P.  E. 

Eight  other  tests  at  speeds  from  16  to  25  miles  per  hour  showed  very  small  vibration. 


538 
546 
353 
362 
504 
553 
Cars. 

141  000 
141  000 

69 
69 

27 
27 
29 
30 
31 
32 

0.28 

5 

2  4001  17 

2  750 

3  400 

7 

26 

141  000 
146  150 
146  150 

69 
62 
62 

6;28 
0.27 
0.20 

'12 
6 
12 

2  700 

8 

2  700 

11 

i  366 

0 

2  700 

11 

487 
538 
361 
365 
362 
546 
360 
365 
545 

146  150 
141  000 
141  000 
141  000 
141  OOD 
111  OOO 

141  ono 

141  000 
141  000 

62 
69 
69 
69 
69 
69 
69 
69 
69 

3  606 

26  v 

33 

33 

38 

39 

40 

43 

45 

47± 

47+ 

6;26 
0.27 
0.30 
0.25 

13 

20 
16 

2  000 

15 

2  8()0 
2  000 
2  800 
2  900 

12 
20 
21 
14 

2  500 

16 

■2'666 

97 

2  700 

15 

2  800 
2  600 
2  700 

36 

31 

26 

4 

2.2 

4 

2.2 

3 

2.5 

2.9 

2.9 

3.8 

3.0 

3.6 

4 

2.r 

4 

2.r 

3.5 

3.1 

3.6 

3.2 

3,6 

3.4 

3.8 

3.5 

4.5 

3,7 

5 

3.9 

East. 


-^>-KKIx^lN 


w.* 

E. 
W. 
W. 
W. 
W. 
E. 
E. 
E. 

E. 

E. 


454* 


Cars 


Cars. 


170  600 


56 


50 


0.50 
0.50 
0..50 
0.50 
0.48 
0.47 
0.48 
0.49 
0.50 
0.36 
0.50 
0.37i 
0.50' 
0.36 


8 

1  250 

0 

3.8 
3.0 
3.5 
3.4 
3.6 
3.7 
3.7 

I4 
3.0 
3.6 
2.7 

9, 

7 

3  900 
3  900 
3  900 

8 
10 
5 

3  200 
3  400 
3  300 

0 
12 
0 

9. 

7 

2 

9, 

4 

3 

12 

3 

23 

i  .366 

15 

3 

15 

3  800 

11 

3  400 

5 

4 

5 

4 

35 

5 

3  900 
2  800 

5 

82 

3  400 
1  200 

9 
46 

4 

35 

5 

5 

35 

1 

600 

42 

3.1 

Cars. 
Five  other  tests  at  speeds  from  10  to  16  miles  per  hour  gave  no  appreciable  vibration. 

East^^ 
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at    ■ 
■>-i  n 
1  * 

284 
286 

ci  M 

278 

TH 

288 

0*. 

'* 

!* 

280 

E. 
E. 
E. 
E. 

E. 

E. 


....127 

-...!28 
....31 

. . . .  |35 

....  39 

Cars. 

....  50 

0.33 
0.34 
0.32 
0.33 
0.3!i 
0.25 
0.33 


3 

1  800 

0 

3  600 

6 

3.5 

3.7 
3.7 
3.9 
4 

2  8 

6 

3  850 

4  000 

17 
15 

2  9 

12 

3  9, 

10 

1  800 

11 

3  500 

9 

3  6 

7 

3  800 

26 

4  0 

20 

13 

5.1 

Ten  other  tests  at  speeds  from  10  to  26  miles  per  hour  gave  no  appreciable  vibration. 

*  All  experiments  on  bridges  Nos.  18  and  19  were  made  with  a  special  train  which 
always  faced  toward  the  east.    Engine  No.  454  is  a  ten- wheel  engine. 
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Six  other  tests  at  speeds  from  10  to  18  miles  per  hour  gave  no  vibration 
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Two  other  tests  at  a  speed  of  15  miles  per  hour  gave  5V  increase  due  to  vibration. 
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Two  other  tests  at  speeds  of  14  and  18  miles  per  hour  gave  no  appreciable  vibration. 


tDue  largely  to  vibration  of  bar. 
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+  Diagonal. 
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DISC  U  SSION. 


H.  B.  Seaman,  M.  Am.  Soc.  O.  E. — The  method  of  making  the  ex-  Mr.  Seaman, 
periments  described  by  the  author  is  open  to  the  criticism  that  two 
results  are  compared  which  are  not  directly  comparable.  The  records 
obtained  by  the  instrument  would  appear  to  represent  the  actual  con- 
ditions of  strain,  as  nearly  as  can  be  ascertained  in  jjractice,  but  the 
calculations  of  static  strains  are  much  less  reliable,  as  they  include 
many  indeterminate  conditions,  and  should  be  rejilaced  by  actual 
strain  diagrams.  For  this  purpose  it  is  necessary,  in  making  the  dia- 
gram of  dynamic  strain,  to  have  in  all  cases  a  special  train,  and  to 
record  its  position  at  each  instant.  The  train  should  then  be  placed 
in  corresponding  positions,  at  rest,  to  obtain  the  diagram  of  static 
strain.  This  will  be  difficult  to  accomplish,  but  the  results  of  any 
other  method  are  open  to  serious  question. 

It  would  also  seem  preferable  to  obtain  a  large  number  of  tests 
upon  a  few  selected  bridges  of  varying  spans,  rather  than  upon  a  great 
variety  of  bridges,  since  the  varying  peculiarities  of  each  bridge  may 
affect  results,  which  would  be  erroneoiisly  attribtited  to  a  change  of 
span.  Dilierent  sets  of  experiments,  with  varying  designs,  might  be 
desired;  but  they  should  be  kept  separate  so  that  the  eflfect  of  span, 
or  of  rate  of  ai:)iDlication,  may  be  clearly  traced. 

It  is  also  important  that  the  effect  of  vibration  or  oscillation  should 
be  distinguished  from  that  of  impact  or  sudden  application.  Unbal- 
anced drivers  appear  to  canse  the  principal  irregularity,  and  the  effect 
is  plainly  noticeable  when  riding  upon  a  badly  balanced  engine,  pass- 
ing rapidly  over  a  long  span. 

The  effort  to  deduce  an  impact  formula  from  the  centrifiigal  force 
due  to  the  curve  of  deflection  or  from  the  effect  of  camber,  is  objec- 
tionable, because  these  conditions  vary  with  different  bridges,  and,  in 
some  instances,  are  framed  out  altogether.  The  speaker  entered  into 
the  theoretical  consideration  of  the  subject  some  time  ago  and  ado^jted 
the  general  formula: 

'"  7%  +  ''" 

Whei'e        /  =  pei'centage  of  increase  of  strain. 

L  ^  distance  through  which  the  moving  load  must  pass  to 
IDroduce  the  given  strain. 
Cand  C'  =  constants. 

This  formula  was  based  upon  the  assumption  that  /  would  vary 
with  the  time  of  application  of  the  load.  C  is  the  effect  of  oscillation, 
which  would  be  assumed  as  approximately  constant. 

In  outlining  the  paper  on  bridge  specifications,*  which  the  speaker 
*  Transaction.%  Am.  Soc.  C.  E.,  vol.  xli,  p.  140. 
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Mr.  Seaman,  recently  ji resented  to  tlie  Society,  the  value  of  C^  was  included  in  tlie 
allowable  live  strain  and  believed  to  amount  to  30%  or  more.  The 
remaining  values  were  given  in  the  form  of  a  table,  but  were  slightly 
varied  to  conform  to  a  quadrant  of  the  curve  of  an  ellipse.  This  is 
found  to  give  a  heavy  increase  for  short  spans,  and  the  experiments 
appear  to  confirm  this  view.  The  maximum  increase  would  be  ujoon 
that  span  where  the  deflection  would  be  half  the  total  drop  of  the  load 
while  passing  to  mid-sjjan.  The  span  would  probably  be  aboixt  5  ft. 
in  length,  and  the  increase  might  approach  100  per  cent.  On  these 
short  Sloans  the  effect  of  variation  in  speed  would  be  most  apparent. 
This  effect  is  also  noticed  when  the  engine  first  comes  upon  the  bridge. 

The  results  obtained  by  the  author,  which  include  those  due  to 
both  imjiact  and  oscillation,  are  interesting  and  valuable,  and  it  is 
hoiked  that  they  will  be  amialified  with  special  reference  to  short  spans 
and  sudden  applications  of  the  load. 
Mr.  Berger.  Beknt  Bekgee,  Assoc.  M.  Am.  Soc.  C.  E.  — The  s^jeaker  is  inclined 
to  agree  with  Mr.  Seaman  in  regard  to  the  time  of  application  of  the 
load,  but  he  is  not  willing  to  go  quite  as  far  in  the  ai^jjlication  of  the 
idea.  The  author's  exijeriments  show  that  the  effect  of  sj^eed  in  caus- 
ing vibration  increases  with  the  shorter  spans,  and  Mr.  Seaman  insists 
further  that  if  experiments  were  made  on  spans  3  to  6  ft.  in  length,  it 
would  be  found  that  the  additional  effect  due  to  the  shortness  of  the 
span  and  the  sudden  aj^plication  of  the  load  would  amount  to  100)!^, 
especially  with  high  speeds.  The  speaker  is  inclined  to  think  that  on 
3  to  6-ft.  spans  the  rails  alone  would  sui^jjort  a  train  going  at  certain 
speeds  without  the  assistance  of  the  girders.  There  is  such  a  thing  as 
the  necessity  of  time  for  the  transmission  of  stress.  It  takes  a  certain 
time  for  the  members  of  a  structure  to  feel  the  apjjlication  of  a  load.  The 
speaker  does  not  mean  to  say  that  he  would  bridge  3  to  6-ft.  openings 
with  rails  alone,  because  a  train  might  come  to  a  standstill  uj^on  them. 

Regarding  the  question  of  deflections,  it  is  well  known  that  some 
are  apt  to  give  it  too  much  weight;  but  it  is  interesting  to  note  that 
the  deflections  observed  in  the  author's  exi^eriments  agree  well  with 
the  strains  as  calculated  for  the  loads  used.  Of  course,  there  was 
neither  time  nor  opportunity  for  the  exijeriments  to  be  made  on 
every  member  in  the  bridge,  but  as  far  as  it  was  i^ossible  to  cover  the 
subject,  the  chord  strains  seem  to  agree  with  the  deflections  very  well. 
As  far  as  the  web  members  are  concerned,  there  are,  as  might  be 
expected,  higher  percentages  of  increase  for  the  strains  than  for  the 
deflections;  because  for  a  maximum  deflection  there  is  a  difi'erent 
position  of  the  load  than  for  a  maximum  strain  on  the  web  mem- 
ber. The  experiments  also  bring  out  some  interesting  points  in  regard 
to  the  distribution  of  the  strains  on  different  parts  of  the  same  mem- 
ber. In  the  chords,  for  instance,  where  they  consist  of  eye-bars, 
the  strain  seems  to  be  quite  evenly  distributed,  as  it  also  is  in  the 
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liip  suspenders,  where  they  are  eye-bars,  and  the  floor  is  suspended.  Mr.  Berger. 
But  where  they  are  riveted  and  the  floor  beams  are  riveted  to  them 
in  turn,  it  is  found  that  in  one  case  the  outer  portion  carries  40/^ 
and  in  another  case  TO^^o  of  that  carried  by  the  inner  portion.  It 
would  be  interesting  to  know  at  what  height  above  the  floor  the 
apparatus  was  applied,  and  whether  the  distribution  of  the  strain 
would  vary  with  the  distance  from  the  point  of  application  of  the  load. 

With  all  the  satisfaction  which  can  be  derived  from  the  author's 
experiments  as  to  the  behavior  of  bridges  under  strain,  it  is  some- 
what depressing  to  note  that  structures  which  are  considered  rigid 
— rigidity  being  the  aim  and  object  of  modern  bridge  design — show 
no  more  freedom  from  vibrations  than  structures  which  the  author 
characterizes  as  flexible. 

Of  course,  it  is  practically  impossible  for  one  man  to  cover  ex- 
haustively so  wide  a  field  of  investigation  in  one  series  of  experiments; 
but  the  author  has  applied  himself  to  his  work  with  great  care,  and 
has  given  by  far  the  most  important  contribution  to  the  study  of  the 
action  of  bridges  under  moving  loads.  The  speaker  does  not  be- 
lieve, however,  that  by  the  methods  used  by  the  author  the  true  effect 
ofspeedalonecan.be  said  to  be  determined  independently  of  other 
influences.  He  agrees  with  the  author,  however,  in  the  conclusion 
that  the  eftect  of  speed  alone  is  of  no  practical  importance,  excejjt, 
perhaps,  for  floor  beams  and  stringers.  The  accidental,  and  more  or 
less  unavoidable,  inequalities  in  the  track,  and  the  imperfections  in 
the  rolling  stock,  play  a  far  more  im^oortant  part.  It  is  very  difficult 
to  separate  their  effect  from  that  of  speed  alone,  and  this  effect  will, 
of  course,  be  subject  to  considerable  variations  with  varying  speeds. 

T.  Kennabd  Thomson,  M.  Am.  Soc.  C.  E. — Although  bridge  build-  Mr.  T.  K. 
ing  has  been  reduced  to  an  exact  science,   yet  for  years  engineers,  in  omson. 

proportioning  the  j^arts  of  bridges,  have  been  guided  by  two  consider- 
ations: First,  by  some  German  exjieriments,  which  were  very  good  in 
their  way,  but  which  by  no  means  covered  the  ground;  and,  second,  by 
what  is  politely  called  judgment,  but  which  is  really  nothing  but  good 
guessing.  With  this  in  view,  when  discussing  Mr.  Seaman's  paper,*  the 
speaker  suggested  that  any  engineer  who  would  make  an  elaborate  set  of 
experiments  on  bridges,  as  they  actually  are,  would  receive  the  thanks 
of  the  profession.  The  author  has  anticipated  this  hojje  by  making  a 
very  good  start.  The  speaker  thinks  that  much  more  satisfactory  results 
could  be  obtained  by  many  experiments  carried  on  under  the  direction  of 
one  ca]3able  man,  than  by  the  sj^asmodic  efforts  of  a  number  of  men,  each 
of  whom  would  have  more  or  less  divergent  methods,  and  that  the  best 
way  to  accomplish  this  is  to  secure  by  subscription  a  fund  to  enable  such 
a  man  to  devote  several  years  to  this  work.  As  the  entire  profession  is 
to  be  benefited,  each  member  of  it  should  be  willing  to  contribute. 

*  "The  Launhardt  Formula,  and  Railroad  Bridge  Specifications."      Transactions, 
Am.  Soc.  C.  E.,  vol.  xli,  p.  198 
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Mr.  G.  H.  G.  H.  Thomson,  M.  Am.  See.  C.  E. — This  j^a^jer  has  introduced  a 

omson.  gy^gjgg^  interesting  to  many  engineers,  and  reminds  the  speaker  of  his 
own  gauge  studies,  about  fourteen  years  ago,  of  train  action  upon  old 
railroad  bridges  of  twenty-five  years'  service,  combining  the  results  of 
gauging  with  stress  computations  and  examinations  of  the  material  of 
the  old  bridges  after  removal.  From  about  this  time  he  began  to  design 
railroad  bridges  with  reference  to  the  speed  of  the  loading. 

The  sudden  imj^osition  of  a  load  on  a  truss-member,  with  con- 
comitant and  responsively  rapid  lengthening,  and  a  sudden  removal  of 
load,  with  like  rapid  shortening,  may  induce  in  some  bridges  more  truss 
motion  than  is  desirable. 

The  undulations  noted  by  the  author  can  be  found  in  familiar 
examples.  A  rubber  band,  with  a  suspended  ball,  for  instance;  or  an 
experiment  illustrating  the  eflFect  of  time  loading  can  be  made  with  a 
butcher's  spring  scales.  Place  a  10-lb  weight  on  the  hopjDer,  and  the 
gauge  registers,  say,  13  lbs.,  pulsating  back  to  8  lbs.,  and  so  on,  up  and 
down,  until  quiescent.  Place  now  10  lbs.  of  fine  shot  in  a  funnel,  con- 
trolling with  the  finger,  the  discharge  of  the  shot  from  the  spout  so 
that  it  can  be  slowly  delivered  to  the  hoj^per;  the  gauge  will  then 
record  slowly  1  lb.,  2  lbs.,  and  so  on,  up  to  10  lbs.,  but  no  more. 

Some  bridges  pulsate  (much  after  the  manner  of  scales),  during  the 
passage  of  trains  and  for  some  time  afterward.  Bridges  are  not  de- 
signed for  purposes  of  weighing,  however,  and  bridge-members  are  not 
coiled  springs. 

The  results  shown  by  the  author,  due  to  the  lengthening  and 
shortening  of  members,  are  about  what  is  to  be  exiaected  from  the 
natiire  of  the  loading,  taken  together  A\'ith  the  type  of  trusses,  length 
of  panel,  etc. ;  and  the  observed  ixndulations  will  vary  much  as  the 
sectioning  of  the  members  vary  under  the  variety  of  specifications  now 
in  vogue.  For  illustrations  of  this,  take  the  diagram  Fig.  15,  and  select 
any  bar,  say  (i  (to  load  which  consumes  nine  seconds  of  time),  and 
consider  the  upper  eye  fixed,  and  the  lower  eye  movable;  and  further, 
referring  to  the  diagram.  Fig.  16,  it  will  be  seen  that  the  lower  eye  is 
shown  in  its  movements  as  follows:  Line  1  is  the  place  of  the  eye  cor- 
responding to  a  bridge  upon  its  false  works;  the  false  works  being  re- 
moved, the  eye  will  descend  to  line  3,  which  position  is  constant  for 
the  stru-cture,  except  at  such  times  as  train  service  may  call  the  bar 
into  action,  when  the  eye,  under  normal  conditions  of  train-loading, 
coupled  with  adequate  and  judicious  bar  section,  will  descend  to  line 
6;  during  the  passage  of  the  train,  the  eye  will  move  between  the  limits 
of  lines  3  and  6,  with  much  of  this  movement  between  lines  4  and  5; 
and  as  the  train  leaves,  and  after  it  is  entirely  off  the  bridge,  the  eye 
movement  gradually  lessens,  until,  the  truss  motion  ending,  finds  the 
eye  at  its  constant  position  at  line  3. 

In  case  the  imposition  of  the  load  is  irregular  in  si^a-cing  and  in- 


DISCUSSION    ON   MOYINQ   TRAIN-LOAD    EXPERIMENTS.        457 


For  all  diagonals— 

Stretch  one  way  =  0.13  in 

both  ways  =  0.24  in. 


Location  of 
diagonals. 


Stretch  of  each 
diagonal. 


o 
o 

o 

§ 

b 

o 

b 

ax 
o 

o 
b 

i 

3 

Time  of  loading. 


Stretch  per  second. 


Time  for  release  of 
loading. 


5    K^ 


^ 


J5     a         Release*  of  load- 
o     f°  ing  fier  second. 


For  all  diagonals- 
Stretch  one  way  =  0.12  in. 
'■      both  ways  =  0.24  in. 


Stretch  of  each 
diagonal. 


■n     .a     ,?•    S  o 
S     c     2     c  o 


S  s  o 


1-1=  z 


=  a     5P<< 


s;-    P     c 


Q    S. 


X  ®  OS 

2  ^  = 

C  CB  o 
2.cf5'2 

P  ri-  o 
O 

p  5  i£ 


as  "^  ^ 


HH        Stretch  in  inches 
g  per  second  of 

loading. 


t-l 

tr^ 

C^ 

f 

o 

o 

o 

o 

s 

o 

o 

o 

i 

=  X 


Total  stretch  in 

inches, 
=  360  ins.  X  X 


to  jz:  ;s         ti 


Stretch  in  mches 

per  second  of 

loading. 


„    J<) 


o-    "S 


Blr.  G.  H. 

Thomson. 


458        DISCUSSION   ON"  MOVING   TRAIN-LOAD   EXPERIMENTS. 


Mr.  G.  H. 

Thomson. 


tensity,  coupled  with  flat  wheels,  hammer  blows,  etc.,  and,  in  case  the 
elastic  relations  inhering  in  the  trusses  are  lacking  in  co-ordination  (a 
fault  of  the  design  due  to  unsuitable  length  of  panel,  blind  adherence 
to  current  specifications  as  to  unit  stresses,  inattention  to  change  of 
length  of  members,  etc.),  the  eye  will  move  beyond  line  6  to  line  7;  and 
upon  removal  of  the  live  load,  sometimes,  will  return  to  line  2.  This 
distance,  lines  6  to  7,  and  also  lines  2  to  3,  can  be  stated  as  the 
"abnormal  "  travel  of  the  eye;  the  distance,  lines 3  to  6,  the  "normal  "; 
in  which  "normal"  may  be  understood  to  re^Dresent  a  measure  of 
limitation  determined  by  the  engineer  from  his  knowledge  of  the  forces 
he  handles,  in  reference  to,  and  resident  in,  the  material  he  uses;  say 
its  qualified  powers  of  elastic  resistance. 

A  bridge  may  be  heavy,  or  over  stocked  with  section,  and  therefore 
of  low  unit-stresses,  and  yet  be  "abnormal"  in  action;  again,  light 


(iT. 


Gf. 


(if 

Fig.  16. 

bridges  are  standing  to-day  with  excessive  stresses,  and  are  entirely 

"normal  "  in  action  under  heavy  traffic,  covering  all  kinds  of  rolling 

stock  at  various  si:)eeds. 

The  question  may  here  be  asked:  For  wear  and  tear  of  railroad 
traflfic,  is  a  bridge  which  is  dimensioned,  say,  for  8  000  lbs.  per 
square  inch  only,  and  "abnormal"  in  elastic  action,  more  to  be  de- 
sired by  railroad  interests  than  one  of,  say,  12  000  lbs.  per  square 
inch,  or  more,  with  "normal"  elastic  action?  The  sjjeaker  has  some 
very  decided  views  on  this  i^oint. 

The  speed  of  trains  enters  largely  into  matters  "abnormal." 
Viewed  briefly,  there  is  a  quantitative  triad,  viz.,  train  weight,  train 
space  and  train  time,  as  cause;  and  iiroducing,  as  effect,  extension, 
which  is  a  manifestation  of  the  totality  of  molecular  action.  Between 
cause  and  effect  there  is  a  relation  of  transmission. 
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In  a  bar  there  is,  in  a  given  unit  of  time,  the  long  spaces  of  train  Bir.  G.  H. 

-,     ,         ,  ,  .,  1,      <.         n         1  i-  mi  Thomson. 

weight  and  the  short  bar  sijaces,  the  result  oi  molecular  motion,  ine 
ratio  between  the  train  space  and  bar-extension  space  involves  the 
matter  of  "  normal  "  or  "  abnormal  "  truss  action. 

Whatever  may  be  the  order  of  arrangement  of  the  grouping  of  the 
elemental  units  of  mass  in  a  bar;  whatever  may  be  their  mode  of  as- 
sembly; whatever  may  be  the  theory  of  their  mutual  coherence;  what- 
ever may  be  the  quality  of  their  being  and  action,  we  are  logically 
justified  in  assuming  that  all  these  relations  obtain  under  a  rule  of 
existence,  i.  e.,  a  i^hysical  law  of  coherence  of  association  of  units, 
constant  in  its  operation,  within  the  limits  of  the  sco^ae  of  the  law. 
Any  disturbance  of  this  coherence  of  the  elemental  units  of  mass 
involving  the  change  of  interaction  between  the  units,  amounting 
to  an  infringement  of  this  law,  finds  a  penalty  in  compromised 
molecular  integrity.  The  jihysical  injury  to  the  bar  a,  due  to  ex- 
tension from  line  1  to  line  2  (occurring  but  once,  and  being  very 
small),  can  be  disregarded.  The  extension  from  line  3  to  line  6  can 
be  kept  within  the  limits  of  the  i^rovisions  of  the  law. 

One  of  the  products  of  the  changed  inter-action  of  the  elementary 
units  of  mass  (say,  of  a  tension  bar),  finds  its  expression  in  the  phe- 
nomenon of  elongation,  the  magnitude  of  which  can  be  visualized  and 
measured,  if  of  appreciable  amount.  If  it  is  desired  to  call  into  ser- 
vice the  force  stored  up  in  a  mass,  and  therein  resident  by  virtue  of  the 
law  of  coherent  association,  keeping  within  the  outside  limit  of  the 
law,  the  units  must  be  given  plenty  of  time  to  adjust  themselves  to  the 
changed  inter-action;  or  rather,  it  is  not  so  much  a  matter  of  time,  or 
of  how  fast  the  loading,  or  how  slow  the  stretching  of  the  bar,  as  of 
the  relation  of  time  between  the  loading  and  stretching. 

1(1)  Train   action   is  to  be  met  by  molecular  reaction. 
(2)  Train   sjiacing        "  "  "  spacing. 

(3)  Train   motion         "  "  "  motion. 

(4)  Train  momentum  "  "  structural  momentum, 

(5)  External   relations  "  internal  relations. 

That  the  ratio  of  space  covered  by  metallic  linear  motion  to  space 
I  covered  by  train  motion  varies  much  in  different  parts  of  a  truss,  is 
I  shown  on  the  diagram.  Fig.  15,  where  uniform  loads  are  used.  The 
,    diagram  is  merely  for  an  illustration. 

Case  I. — All  diagonals  under  the  live  load  have  an  extension  of  0.12 
in.  The  extensions  per  second  range  from  0.0133  in.  for  bar  a  to  0.024 
in.  for  bar  e,  a  diff'erence  of  0.0107  in.  The  shortening  of  the  bars  a 
and  e  per  second  ranges  from  0.12  in.  to  0.024  in.  Bar  a  receives  its 
severest  test  in  unloading. 

Case  II. — In  this  case  the  extensions  are  the  same  as  in  Case  I,  save 
in  the  shortening  due  to  releases  of  load  which  =  0.0133  in.  per  second 
. ,  for  each  bar. 
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Mr.  G.  H.  Case  III. — In   this  case  dead  as  well  as  live  load  is  considered  at 

10  000  lbs.  per  square  inch,  and  is  fairly  representative  of  many  bridges 
in  service.  The  extensions  range  from  0.0090  in.  for  bar  a,  to  0.0226  in. 
for  bar  e,  per  second .  These  extensions  are  computed,  but  when  gaaged, 
another  set  of  extensions,  depending  upon  the  speed  of  the  trains, 
will  obtain. 

Case  IV. — With  the  dead  load  at  15  000  lbs.  per  square  inch,  and 
live  load  at  10  000  lbs.  per  square  inch,  the  extensions  gauge  nearer  to 
computation  than  in  Case  III. 

Case  V. — The  extensions  gauge  and  compute  the  same.  Flat 
wheels,  hammer  blows,  vinequal  loading  and  sjiacing  have  no  measur- 
able eflfect.  There  are  many  bridges  of  from  125  to  240-ft.  span,  built 
in  accordance  with  these  specifications.  Some  200- ft.  spans  are  of 
narrow  depth;  all  are  free  from  undue  structural  motion. 

Taking  up  now  Case  III,  the  stretch  of  the  whole  bar,  a,  in  one 
second  of  time  =  0.0090  in.,  the  bar  being  30  ft.  long.     The  stretch  of 

1  ft.  of  bar  for  one  second  of  time  =  -^ — ^- '-  =■  0.00030  in.     While 

the  bar  is  extending  this  amount  for  1  ft.  of  its  length,  the  train  has 

jsassed   25   ft.  or  — — ^ '  =  0.000012  in.  =  the  extension  of  1  ft.  of 

bar  while  the  train  moves  1  ft. ;  and  (jI^^^)  =-  rw«0'  *^^^  ^^' 
the  train  moves  1000000  times  as  fast  as  the  movement  of  metal  in  the 
bar. 

First. — Comparison  of  Case  HI  with  Case  V.  (  ^ — -. -r- —  )  =  i?- 

\Train  motion/ 


)eed  —  25  ft.  per 

second. 

Cose///.— Bar  r< 

Range. 
1  000  000 

"  v.—   "  a 

882  352 

"     III—   "  e 

387  161 

"  r.—  "  e 

416  236 

Case  III. — Bar  a 

1  000  000 

"   "  —  "  e 

387  161 

613   839  =  Difierence  of  range  between  a  and  e. 


Case     F.— Bar  a  ^        882  352 
"—    "     e  '        416  236 


466  116  =  Difference  of  range  between  a  and  e. 


Case  III  — Bar  a  =  l  000  000 
v.—    "  a  =     882  352 


117  648  =  Difference  in  ranc:e. 


Case  III— Bar  e  =     387  161 
"       v.—    "    e=     416  236 


29  075  =  Difference  of  range. 
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Case  V  absorbs  train  motion  faster  into  bar  a.  Mr.  G.  H. 

,,  ,,  ,,  1  •    X      1         7  Thomson. 

"  "  "         slower  into  bar  b. 

Suppose,  now,  that  for  Cases  III  and  V  tlie  speed  be  increased  three- 
fold, or  to  75  ft.  per  second.  For  Case  III  the  same  range  will  obtain 
for  all  speeds,  by  computation,  but  it  does  not  follow  that  the  gauged 
extensions  for  the  high  speed  will  be  the  same  as  for  the  low  speed. 

For  Case  V  the  live  loads  (1894  specifications)  are  found  by  the 
formula  for  permissible  unit  stress  ==  F  {  T —  I)  a 
in  which  F  =  general  factor  =  7  500  lbs, 

T  =  time  for  imposition  of  load  in  seconds, 
a  =  ratio  factor  ^  500. 
Hence  for  bar  a,  at  9  seconds,  P  =  9  x  500  =  4  500  +  7  500  ==  12  000 

lbs.  i?er  square  inch. 
And  for  bar  e,  at  5  seconds,  P  =  5  X  500  =  2  500  -f  7  500  =  10  000  lbs. 
per  square  inch. 
Second. — Comparison  of  Case  III  with  Case  V  at  high  sj^eed  =  75 
ft.  per  second. 

Range. 

Case  III— Bar  a  =  1  000  000 

v.—    "   a=     977  900 

"    ///.—    "    e=     387  161 

v.—   "    e=     556  586 


Case  III— Bar  a  =  1  000  000 
"      "  "    e=     387  161 


613  839  =  Difference  between  a  and  e. 


Case     F.— Bar  a  =     977  900 
"       "         "    e=      556  586 


421  414  =:  Difference  between  a  and  e. 


Case  ///.—Bar  a  =  1  000  000 
v.—   "   a^     977  900 


22  100  =  Difference  between  a  and  e. 


■Case  ///—Bar  e  =     387  161 

F.—   "    e=     556  586 


169  425  =  Difference  between  a  and  e. 


Third. — ComjDarison  between  Cases  III  and  V: 
Difference  of  range  between  a  and  e 

at  25  ft.  per  second  613  839  466  116  =  147  723 

"75         "  "       613  839  421  414  =  192  425 


000  000  24  702 
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By  adjusting  the  speed  or  rate  of  metal  motion,  making  it  slower 
in  certain  members  and  faster  in  others,  co-ordinated  elastic  relations 
in  concordance  with  the  assumed  stresses  result. 

A  number  of  covered,  through  Howe  bridges,  of  thirty  years'  use, 
came  under  the  speaker's  notice,  wherein  the  rods,  three  at  each  panel 
point,  and  of  the  same  size  throughout  the  bridge  (with  the  actual 
dead  load  and  a  live  load  of  2  000  lbs.  per  lineal  foot),   stresses  were 


DOUBLE  TRACK 
SWING  BRIDGE 





Fig.  17. 

found  of  30  000  lbs.  per  square  inch  for  the  end  rods,  and  15  000  lbs. 
per  square  inch  for  the  center  rods.  These  old  bridges  furnish  a 
record  of  persistence  of  structure  due  to  the  relation  of  metal  mo- 
tion to  train  motion.  The  non-failure  of  the  end  rods  at  stresses 
beyond  the  elastic  limit  can  be  explained  by  the  fact  that  the 
motion  induced  in  the  metal  was  a  matter  of  the  slow  delivery  of  the 
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train-load  to  the  rod.     The  end  rods  of  such  old  bridges  often  show  Mr.  G.  H. 

better  fractures  than  the  center  rods.      Tests  of  old    rods  often  give  lomson. 

high  ultimates  and  elastic  limits,  about  the  same  for  center  as  for  end 

rods,  but  the  center  rods  break  more  like  "  pipe  stems  "  than  the  end 

rods  of  the  same  bridge;  or,  a  rod  will  withstand  a  live  load  for  a 

maximum  number  of  apijlications,  if  the  load  is  slowly  imposed.     If  a 

rod  has  already  a  constant  or  dead -load  stress,  still,  the  live  load,  if 

imposed  slowly,  will  be  better  I'esisted  by  the  rod,  i.  e.,  if  the  speed  of 

the  metal  motion  is  favorable  when  compared  with  the  sj^eed  of  the 

loading. 

The  great  length  of  the  rods  of  "through  "  Howe  bridges,  doubt- 
less, is  favorable  for  the  reception  of  the  loading. 

The  author  appears  to  attach  considerable  weight  to  the  matter  of 
deflection.  Viewed  as  a  factor  involving  structural  integrity  of  triass 
bridges,  the  magnitude  of  the  central  deflection  may  be  of  value;  but 
with  plate-girder  bridges  the  speaker  does  not  think  the  fact  of  deflec- 
tion is  of  much  value.  With  short-span  deck-plate  girders  of  light 
section,  the  amount  of  the  deflection  at  high  speed  is  frequently  one- 
half  that  obtained  by  low  speeds  or  with  engines  at  rest.  A  rapid 
passing  of  the  engine  over  a  light  jjlate-girder  reminds  one  of  skating 
over  thin  ice.  The  speaker  recalls  a  case  where  a  canal  boat,  knock- 
ing a  track  stringer  out  of  a  bridge,  the  bridge  was  used  for  several 
days  without  any  stringer  whatever.  This  was  a  panel  of  10  ft.  In 
another  case  a  deck-girder  of  10-ft.  span  had  been  removed  (leaving 
the  rails  and  ties  in  place),  pre^jaratory  to  substituting  a  new  bridge. 
A  belated  fast  train,  paying  no  attention  to  signals,  ran  over  the  open- 
ing, on  the  rails,  i.  e.,  with  no  bridge  to  sustain  the  train.  In  yet  an- 
other case,  which  is  illustrated  by  the  diagram,  Fig.  17,  a  double-track 
opening  of  37  ft.  was  covered  by  two  deck-lattice  girders,  one  for  each 
track.  The  girders  were  turned  upon  a  center  at  the  abutment  end, 
while  the  pier  end  was  sustained  by  guys  held  from  a  tower  resting 
upon  the  abutment.  The  girders,  for  one  track,  were  in  position  for 
traffic,  while  for  the  other  track  the  girders  were  "  swaying"  90°  from 
the  track,  leaving  a  clear  opening  of  .37  ft.  An  express  train  approach- 
ing applied  the  brakes  at  a  point  500  ft.  from  the  draw.  The  engine 
jumi^ed  the  opening  as  shown  by  the  photograph,  Plate  XI,  the  forward 
truck  clearing  the  opening  entirely.  Also,  in  trusses,  some  counters 
have  been  observed  in  which  the  last  wheels  of  a  passenger  train  pro- 
duced twice  the  extension  made  by  the  engine  drivers. 

Regarding  vertical  truss  motion  ("jumping"  in  particular,  which 
is  most  easily  felt  on  through-bridges  while  standing  thereon  during 
the  jjassage  of  a  fast  and  light  train — this  is  not  to  be  confounded  with 
the  vertical  motion  of  mere  deflection),  the  web  members,  principally, 
govern  its  extent  and  character.  Some  time  is  consumed  to  absorb  the 
train  weight  into  the  chords,  and  hence  they  are  not  given  to  the  over- 
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extension  lines  6  to  7  of  the  diagram,  Fig.  16.  If  a  train  passes  two 
panels  in,  say,  one  second,  the  extension  of  the  diagonal  is  measured 
by  y.  Resolved  into  z  it  is  not  easily  ajjpreeiated ;  into  x  it  is  visible. 
For  the  two  panels  of  a  diagonal  system  the  vertical  motion  =  2  x,  of 
which  there  is  one  x  for  each  diagonal  (see  diagram,  Fig.  18);  and 
2  X  for  diagonals,  and  one  x  for  the  vertical  post  (see  Pratt  system,  of 
diagram.  Fig.  19). 

The  term  "  structural  motion  " 
refers  to  the  motions  induced  in 
structures  T)y  the  moving  loads. 

Structures  without  some  mo- 
tion are  inconceivable,  but  undue 
structui'al  motion  may  be  con- 
trolled and  reduced  to  reason- 
able limits  without  increasing  the 
cost. 

A  bridge,    in    strength,    must 
meet  all  statical  conditions;  but  is 
this  enough?     The  fractures,  etc., 
of  the  metal  of  old  bridges,  with  motion,  do  not  comjiare  favorably 
with  those  old  liridges  that  were  free  of  motion. 

To  make  bridges  free  of  motion,  a  number  of  points  require  recogni-- 
tion:  The  type  of  truss,  the  length  of  panel  (with  its  value  to  receive 
equally  and  distribute  or  disperse  the  loading),  the  elastic  resistances 
of  material,  the  positive  momentum  of  trains  with  negative  momentum 
of  bars,  etc., — all  of  these  co-ordinated  to  time  ratios,  i.  e.,  si^eed  of 
trains — or,  train  motion,  versus 
molecular  motion. 

A  structure  free  of  motion,  void 
of  over-strain,  is  suggestive  of 
permanence  and  persistence,  and 
a  railroad  bridge  that  is  strong,  as 
viewed  from  a  statical  point,  if  free 
of  structural  motion,  invites  con- 
fidence and  holds  it.  Many  bridges 
having  spans  of  from  125  to  240 
ft.  of  Class  V  specification,  are  in 
service,  where  the  deflection  is  only 
about  TuVu  of  the  span,  though 
this  ratio  in  itself  is  of  no  particular  value. 

It  is  not  necessary  to  put  so  much  metal  in  members  that  consume 
much  time  to  load,  /.  e.,  the  bottom  chords.  A  through-bridge 
designed  August  15th,  1894,  under  Class  V  si^ecifications  (not  built), 
for  Augustus  Mordecai,  M.  Am.  Soc.  C.  E.,  for  Erie  engines,  weighed, 
as  per  detail  plans,  123  tons  for  a  clear  span  of  150  ft. 


Fig 
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CORRESPONDENCE. 


J.  B.  Johnson,  M.  Am.  See.  C.  E. — The  anther  deserves,  and  will  Mr.  Johnson, 
doubtless  receive,  the  thanks  of  the  profession  for  his  remarkably 
thorough  experiments  and  his  exhaustive  study  of  the  same.  While 
his  results  had  all  been  anticipated  and  provided  for  in  American 
bridge  practice,  yet  there  was  no  positive  proof  that  the  assumed 
limits  of  impact  effect  were  very  nearly  correct. 

Many  engineers  have  had  a  lurking  fear  that  there  might  be  imme- 
diate or  cumulative  stresses  far  beyond  those  ordinarily  jirovided  for, 
and  these  experiments  will  reassure  them  that  the  present  usages  in 
the  United  States,  as  to  working  loads,  are  fully  justified. 

The  discovery  of  certain  large  secondary  stresses  in  plate  girders,  also, 
when  eccentrically  loaded,  as  on  shelf  angles,  is  only  what  an  analysis  of 
such  cases  would  have  shown.  This  fact  simjily  emphasizes  the  neces- 
sity for  the  complete  analysis  of  engineering  structures,  in  all  their  parts 
and  details,  for  the  actual  conditions  of  loading,  which  is  now  receiving 
attention  in  the  leading  engineering  schools,  as  well  as  in  the  computing 
oflSces  of  practitioners.  It  is  evident  that  the  limit  of  fruitful  mathe- 
matical analysis  in  engineering  design  has  not  yet  been  reached. 

r.  E.  TuKNEAURE,  Assoc.  Am.  Soc.  C.  E. — Mr.  Seaman's  criticism  Mr.Turneaure. 
in  regard  to  comparing  the  observed  results  with  the  computed,  would 
appear  to  be  hardly  pertinent.  Computed  results  are  used  only  in 
the  discussion  relating  to  the  effect  of  speed  alone,  and  then  in  but 
three  out  of  the  eight  bridges  so  discussed  are  the  computed  results  of 
any  significance.  In  the  other  five  cases  a  special  train  was  used,  and 
was  moved  over  the  bridge  at  so  low  a  speed  as  to  give  a  strain  diagram 
unaffected  by  dynamic  action,  and  which  could  therefore  serve  as  a 
standard.  For  convenience,  however,  all  stresses  were  referred  to  the 
computed  valiies,  and  the  significance  of  the  diagrams  in  Figs.  12,  13  and 
14  is  not  in  the  absolute  values  of  any  of  the  ratios,  but  in  the  horizontal- 
ity  of  the  lines,  showing  that  the  deflections  and  stresses  were  practically 
the  same  at  all  speeds.  Whether  the  stresses  of  the  various  diagrams 
from  this  special  train  coincided  or  not  with  the  computed  values,  is  of  no 
consequence,  as  the  observed  values  are  themselves  directly  comparable. 

The  purjDose  of  the  theoretical  discussion  of  the  effect  of  sjDeed  of 
application  was,  not  to  derive  a  working  value  for  it,  but  to  show  that 
for  ordinary  spans  it  could  be  of  no  practical  consequence.  Camber 
may  of  course  remove  it  entirely,  or,  in  fact,  give  it  a  negative  value, 
all  of  which  is  quite  immaterial  in  practice.  The  author  aimed  to 
show  that,  both  theoreti-cally  and  experimentally,  practically  all  the 
increase  in  deflection,  or  stress,  in  the  spans  tested  could  be  attributed 
to  vibration  and  oscillation.  If  in  Mr.  Seaman's  formula  it  is  in- 
tended to  include  the  effect  of  speed  of  application  (that  which  would 
still  remain  were  the  load  perfectly  balanced)  in  the  first  term,  and 
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Mr.Turneaure.  all  other  eifects  in  the  second  term,  in  the  author's  ojjinion  the  first 
term  should  be  made  equal  to  zero,  at  least  for  all  spans  above  25  ft. 
in  length,  and  the  second  term  made  to  vary  inversely  with  span 
length.  In  very  short  spans,  such  as  5  ft.,  the  eftect  of  sj^eed  would 
theoretically  be  great  if  the  beams  were  shallow,  but  would  be  a 
maximum,  not  at  the  center,  but  some  distance  beyond.  In  a  5-ft. 
span  for  example,  with  a  depth  of  beam  equal  to  one-tenth  the  span, 
there  would  be,  according  to  Zimmerman's  formula,  an  increase  of 
30%  in  the  central  deflection,  and  more  than  100!\(  for  a  point  two- 
thirds  across  the  beam.  For  still  shorter  spans  the  central  deflection 
becomes  less  than  for  static  load,  but  near  the  abutment  it  would  be 
many  times  increased.  All  of  this  assumes  absolutely  rigid  abut- 
ments, track  and  rolling  load,  but  the  deflections  involved  in  such 
very  short  spans  are  so  small  that  a  very  slight  yielding  would  entirely 
vitiate  any  calciilations  such  as  the  above.  Cases  of  trains  passing 
safeh'  over  very  short  spans  with  no  other  support  than  the  rails,  as  men- 
tioned by  Mr.  G.  H.  Thomson,  are  instances  to  the  point,  but  the  author 
ventures  to  say  that  in  such  cases  the  abutment,  or  other  "lauding 
place,"  received  a  pretty  severe  pounding.  If  the  load  is  constrained  to 
move  in  a  straight  line  there  could  be  no  efi"ect  of  speed  either  in  adding 
to  the  load  or  in  reducing  it.  In  the  actual  ease,  both  girder  and  sup- 
ports are  elastic.  The  effect  of  deflection  of  the  girder  is  to  increase  the 
pressure,  while  the  effect  of  elastic  supj^orts  is  to  diminish  it.  In  the 
author's  opinion  the  former  is  too  small  to  take  into  account  on  any  but 
the  very  shortest  spans,  and  in  those  there  would  doubtless  be  sufficient 
elasticity  in  the  supports  to  more  than  counterbalance  this  effect.  The 
practice  of  supporting  short  girders  on  wooden  wall  plates  would  seem 
to  be  a  good  one,  as  tending  to  relieve  both  girder  and  masonry. 

A  matter  which  should  unquestionably  be  taken  account  of,  and 
which  is  clearly  brought  out  by  both  deflection  and  stress  diagrams, 
is  the  inci'ease  of  stress  in  short  girders  caused  by  the  locomotive, 
and  which  increases  rapidly  with  decrease  of  span. 

Answering  Mr.  Berger's  question  in  regard  to  the  stresses  in  riveted 
hip  verticals,  the  author  would  say  that  the  stresses  were  determined 
at  points  close  to  the  floor  beams.  Time  was  not  available  for  a  more 
extended  series  of  experiments  along  this  line. 

In  regard  to  the  effect  of  the  vibration,  or  "  jumping,"  on  truss  mem- 
bers, the  experiments  do  not  bear  out  Mr.  G.  H.  Thomson's  statement 
that  such  effect  is  mostly  in  the  web  members,  and  that  the  chords  receive 
their  stress  too  slowly  to  be  much  affected  thereby.  While  the  horizontal 
component  of  the  web  distortion  may  not  be  readily  appreciated  by  an 
observer  standing  on  the  vibrating  truss,  the  variation  in  chord  stress 
with  truss  vibration  is  made  very  evident  by  watching  the  action  of  the 
extensometers  at  such  times.  The  close  agreement  in  the  relative  varia- 
tion in  chord  stress,  and  vibration  of  the  entire  truss,  in  a  large  number 
of  tests,  would  appear  to  be  a  good  indication  of  the  real  state  of  things. 
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WITH  DISCUSSION. 
Introductory. 

From  the  date  of  the  first  introduction  of  railways,  it  was  for  many 
years  the  custom,  in  the  design  of  a  railway  bridge,  to  treat  the  Moving 
Load  of  the  train  in  precisely  the  same  manner  as  the  Fixed  Load  of 
the  structure  itself.  The  load  due  to  the  weight  of  the  train  was  sim- 
ply added  to  the  load  due  to  the  weight  of  the  structure  (with  floor- 
ing, ballast,  permanent- way,  etc.),  and  the  section  of  iron  to  be  used 
calculated  for  a  working  stress  of  about  one-fourth  of  the  assumed 
breaking  stress.  This,  for  wrought  iron  in  tension,  allowed  a  nominal 
unit  stress  of  5  tons  per  square  inch. 

Later  on,  text-books,  dealing  theoretically  with  the  subject,  taught 
that  the  effect  produced  by  Live  Load  was  just  double  that  produced 
by  Dead  Load,  and  recommended  that  the  two  kinds  of  load  should  be 
treated  separately;  a  factor  of  safety  of  6  being  used  with  the  former 
and  3  with  the  latter.     Taking  the  breaking  stress  of   wrought  iron 


468  STONE  ON  WORKING  STRESS  FOR  RAILAVAY  BRIDGES. 

in  tension  as  21  tons  pev  square  inch,*  the  safe  working  stress   per 
square  inch  was  given  as — 

Dead  Load 7    tons. 

Live  Load 3i     " 

It  was  not  recognized  that  the  theoretical  "  Live  Load,"  on 
which  these  considerations  were  based,  was  one  which  was  never  dealt 
with  in  practice,  and  was,  moreover,  essentially  different  in  its  action 
and  mode  of  application  from  that  due  to  a  locomotive  at  speed.  Still 
this  system  showed  a  great  advance  on  what  had  gone  before,  and  had 
the  effect  of  directing  attention  to  the  matter.  The  result  was  that, 
although  engineers  generally  regarded  this  as  a  theoretical  rule 
to  which  it  woiild  not  be  prudent  to  work  fully  in  practice,  it  became 
common  to  limit  the  stress  on  tension  bars  to  4  tons  per  square  inch 
for  live  load,  and  it  w^as  generally  acknowledged  that  for  dead  load  the 
stress  per  square  inch  in  tension  might  safely  be  taken  at  6  tons.  The 
Board  of  Trade  limit  of  5  tons,  however,  j)recluded  any  improvement 
in  the  latter  direction. 

This  may  be  regarded  as  the  first  recognition  of  the  principle  that 
Moving  Load  may  be  equated  with  Fixed  Load  by  the  use  of  a  suitable 
coefiicient ;  but  at  this  stage  the  coefficient  was  supposed  to  be  always 
the  same,  irrespective  of  the  relative  amounts  of  the  two  kinds  of  load 
to  be  dealt  with. 

As  wrought-iron  bridges  of  large  span  became  more  common,  en- 
gineers grew  to  be  familiar  with  the  fact  that,  with  the  comparatively 
great  mass  of  metal  in  a  large-span  bridge,  the  effect  of  a  train  is  rela- 
tively less  than  with  a  small-span  bridge.  In  view  of  this  fact  it  be- 
came usual  in  the  practice  of  some  of  the  leading  bridge  engineers  to 
adopt  a  scale  by  which  the  unit  stress  allowed  was  made  to  vary  with 
the  span.  It  was  thus  acknowledged  that  the  efi'ect  of  Moving  Load  as 
compared  with  Fixed  Load  was  not  always  the  same,  but  became  rela- 
tively less  as  the  proportion  of  Fixed  Load  to  Moving  Load  became 
greater. 

The  principle  of  graduating  or  apportioning  the  unit  stress  to  the 
relative  amount  of  Moving  Load  work  to  be  done  soon  became  gener- 

*  For  the  pui-poses  of  this  paper  it  is  assumed  that  the  static  breaking  stress  per 
square  inch,  for  material  as  ordinarily  used  for  bridge  girders,  may  be  taken  as  21  tons  for 
wrought  iron  and  27  tons  for  steel.  Also,  that  the  safe  working  stress  may  be  taken  as 
one-third  of  the  breaking  stress.  Hence,  for  an  entirely  static  or  fixed  load,  the  figures 
adopted  are  as  follows  : 

Iron.  Steel. 

Breaking  stress  in  tons  per  square  inch 21.00  27.00 

Safe  working  stress  in  tons  per  square  inch 7.00  9.00 
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ally  recognized;  and  in  America  the  application  of  this  principle  to 
practical  jjuri^oses  received  the  most  careful  study  by  many  of  the 
bridge  engineers  of  that  country.  Under  the  special  allotment  system, 
as  developed  by  American  engineers,  the  members  of  a  bridge  truss  are 
grouped  or  classified  according  to  the  relative  amount  of  Moving  Load 
work  they  have  to  bear,  depending  on  the  span  of  the  bridge  and  the 
position  of  the  member  in  the  truss.  To  each  group  is  then  assigned 
a  percentage  by  which  the  nominal  stress  (treated  as  static)  is  to  be 
increased  to  obtain  the  equivalent  effective  working  stress;  the  per- 
missible stress  jjer  unit  of  area  remaining  constant.  In  more  recent 
specifications  similar  results  are  obtained  by  using  the  nominal  stress 
(treated  as  static),  and  allotting  to  each  group  a  different  permissible 
stress  per  unit  of  area. 

Meantime  the  results  of  the  magnificent  series  of  experiments  by 
Wohler  and  Bauschinger  had  been  ably  dealt  with  by  Launhardt,  Wey- 
rauch,  Gerber  and  others,  and  bridge  engineers  began  to  consider  the 
cumulative  effect  of  frequent  repetitions  of  the  Moving  Load. 

Thus,  while  forty  years  ago  a  ton  of  Moving  Load  received  no  more 
consideration  than  a  ton  of  Fixed  Load,  its  disposal  now  is  recognized 
as  involving  very  complex  considerations.  It  is  found  that  for  any 
member  of  a  bridge  the  immediate  effect  of  the  application  of  a  ton  of 
Moving  Load  is  always  greater  than  that  j^roduced  by  a  ton  of  Fixed 
Load,  and  that  the  degree  or  percentage  by  which  it  is  greater  varies 
for  different  ratios  of  Moving  Load  to  Fixed  Load.  Similarly,  that  for 
repeated  loading  and  unloading,  the  ultimate  cumulative  effect,  on  any 
member  of  a  bridge,  of  a  ton  of  Moving  Load,  is  always  greater  than 
the  immediate  effect,  and  that  the  degree  or  percentage  by  which  it  is 
greater  varies  for  different  ratios  of  the  initial  s^ tress  or  Fixed  Load. 

The  Nature  of  the  Effects. 

Definitions. — The  terms  "Dead  Load"  and  "Live  Load"  have 
already  been  appropriated  in  a  certain  definite  sense  by  the  text-books; 
and  in  this  sense  have  a  special  relative  value,  the  effect  of  Live  Load 
being  exactly  double  that  due  to  Dead  Load.  For  the  sake  of  distinc- 
tion therefore  in  this  j^aper  the  terms  "Fixed  Load"  and  "Moving 
Load"  will  be  used  with  meanings  respectively  as  follows: 

Fixed  Load. — By  this  term  is  to  be  understood  a  load  which  may  for 
practical  i^urposes  be  considered  absolutely  constant,  sixbject  to  no 
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movement,  vibration  or  variation.  The  self-supported  weight  of  the 
structure  itself  is  thus  throughout  this  paper  treated  as  "  Fixed  Load  " 
and  also  any  other  load  supported  by  the  structure  which  is  stationary 
or  which  generally  remains  in  position  and  is  not  frequently  applied 
or  removed.  Thus,  for  example,  the  weight  of  the  girders  of  a  bridge 
would  be  treated  as  Fixed  Load,  so  would  also  the  ballast,  sleepers, 
permanent- way,  etc.* 

Moving  Load. — By  this  term  is  to  be  understood  a  load  which  is  sub- 
ject to  variation  or  which  is  frequently  applied  and  removed.  The 
effect  of  the  violence  or  vibration  with  which  the  ai^i^lication  of  the 
load  is  accompanied  is  considered  as  an  enhancement  of  the  effect  due 
to  the  mere  weight  of  the  load.  Thus  a  dead  engine,  pulled  over  a 
bridge  by  a  rope  from  a  crab  winch  beyond,  would  be  treated  as  Mov- 
ing Load;  the  same  locomotive  traversing  the  bridge  at  full  speed 
would  be  considered  as  having  an  enhanced  effect  due  to  the  violence 
and  vibration  with  which  its  application  was  accompanied. 

Tlte  "  Live  Load"  of  the  Text-Books. — In  the  case  of  a  girder,  the 
"  Live  Load  "  of  the  text-books  would  mean  a  load  suddenly  applied 
in  a  vertical  direction,  but  without  impact.  This  might  be  reiaresented 
by  a  load  just  touching  the  upper  surface  of  the  girder,  but  having  its 
weight  entirely  supi^orted  by  a  cord.  Ifthat  cord  were  instantaneously 
severed,  the  load  would  then  act  as  "  Live  Load  "  in  the  ordinary  text- 
book meaning  of  the  term.  The  same  load,  unsupported  by  the  cord, 
and  having  its  whole  weight  resting  on  the  girder  without  vibration, 
would  represent  "Dead  Load." 

It  can  easily  be  shown  that  the  effect  on  the  girder  of  the  "  Live 
Load"  of  the  text-books  is  theoretically  double  the  effect  of  the  cor- 
responding "  Dead  Load. " 

Live  Load  Contrasted  ivith  Train  Load. — Those  writers  who  apply 
the  theoretical  "Live  Load"  of  the  text-books  to  the  solution  of 
this  problem,  assume  that  the  effect  produced  by  the  train  traversing 
the  bridge  in  a  horizontal  direction  may  be  taken  as  the  dynamic 
equivalent  of  a  load  suddenly  api^lied  in  a  vertical  direction;  and  that 
the  faster  the  engine  moves,  the  more  nearly  does  it  become  "Live 
Load,"  in  the  text-book  meaning  of  the  term. 

*  For  the  purpose  of  experiment  on  the  relative  effect  of  Fixed  Load  and  Moving 
Load,  an  engine  standing  on  a  bridge  is  considered  as  Fixed  Load,  the  same  engine 
traversing  the  bridge  at  full  speed  being  taken  as  Moving  Load. 

In  certam  cases  witli  alternating  stresses  the  weight  of  the  structure  or  a  portion  of 
the  same  may  become  "  Moving  Load,"  /.  e.,  a  load  appUed  and  removed  each  time  an 
engine  traverses  the  bridge. 
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It  will,  however,  be  evident  on  consideration  that  these  two  modes 
of  applying  the  stress  are  in  every  respect  essentially  different.  In 
the  case  of  the  "  Live  Load  "  of  the  text-books  a  load  is  applied  vei*- 
tically  by  the  steady  action  of  gravity,  while  in  the  case  of  the  Moving 
Load  on  a  railway  bridge  there  is  a  locomotive  engine  running 
horizontally  by  means  of  its  own  self-developed  power,  with  all  the 
plunging  and  peculiar  vibration  contingent  on  the  special  con- 
struction of  the  machine,  the  irregularities  of  the  permanent-way, 
and  the  deflection  of  the  girders. 

An  engine  standing  at  rest  on  a  bridge  is  certainly  "  Dead  Load" 
in  the  ordinary  text-book  meaning  of  the  term;  but  when  that  engine 
begins  to  move,  the  effect  on  the  bridge,  due  to  gravity,  is  reduced 
instead  of  being  increased.  If  the  effects  of  vibration  and  deflection 
be  neglected,  and  the  engine  be  supposed  to  run  with  absolute 
smoothness,  it  is  clear  that  the  faster  the  engine  moves  in  a  horizontal 
direction,  the  less  will  be  its  effect  in  a  vertical  direction,  and  that  if  the 
speed  became  infinite  the  effect  due  to  gravity  would  become  nothing. 

The  only  way  in  which  a  train  passing  on  to  a  bridge  in  a  horizon- 
tal direction  could  be  made  approximately  to  represent  a  load  sud- 
denly applied  in  a  vertical  direction  would  be  to  cause  the  train  to  run 
a,t  a  great  speed  on  to  the  bridge  and  stop  suddenly  in  the  middle. 

It  is  further  to  be  noted  that  whereas  the  "Live  Load"  of  the 
text-book  rule  means  a  load  suddenly  applied,  but  without  shock  or 
violence,  the  Moving  Load  of  a  locomotive  diflers  essentially  there- 
from; its  effect  being  less  on  one  hand,  in  that  it  is  not  suddenly 
applied,  while  it  is  greater  on  the  other  hand,  in  that  its  api^lication  is 
always  accompanied  by  a  certain  amount  of  vibration,  which  is  in 
some  cases  of  great  violence. 

It  is  evident,  therefore,  that  a  consideration  of  the  "Live  Load" 
of  the  text-books  will  not  help  in  any  way  toward  a  knowledge  of  the 
effect  produced  on  a  bridge  by  the  Moving  Load  of  a  locomotive.  The 
two  kinds  of  load  are  essentially  different  in  their  nature  and  in  their 
mode  of  application;  the  effect  produced  by  the  locomotive  may  be 
greater  than  that  of  the  theoretical  "Live  Load,"  or  it  may  be  less, 
and  should  it  in  any  case  be  found  by  experiment  to  be  the  same,  this 
can  only  be  regai-ded  as  a  coincidence. 

Two-Fold  Effect  of  3Ioving  Load. — When  a  locomotive  at  full  speed 
traverses  a  bridge,  there  is  an  immediate  measurable  effect  jjroduoed, 
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which  is  greater  than  that  due  to  the  same  load  at  rest.  This  im- 
mediate extra  effect  is  due  to  the  sudden  and  violent  manner  in  which 
the  load  is  applied,  the  result  being  an  increased  deflection  of  the 
structure  as  a  whole,  accompanied  by  a  general  jarring  and  vibration, 
which  is  especially  noticeable  in  the  smaller  and  lighter  members. 

It  has,  moreover,  been  established,  by  the  experiments  of  Wohler, 
Bauschinger  and  others,  that  the  immediate  effect  of  the  Moving  Load 
is  by  no  means  the  whole  effect,  but  that  frequent  repetitions  of  sti'ess 
have  a  cumulative  effect  on  the  structure,  of  very  great  imjDortance; 
and  it  has  been  ascertained  that  a  bar  subjected  to  stress,  repeatedly 
applied  and  removed,  will  ultimately  break  with  a  load  very  much 
less  than  it  would  have  borne  for  a  few  applications  only. 

Thus  there  are  two  distinct  effects  of  the  Moving  Load  to  take 
into  account,  and  it  appears  necessary  to  draw  special  attention  to 
this  point,  as  it  is  one  which  is  often  lost  sight  of,  even  by  good 
authorities. 

On  one  hand  it  is  sometimes  found  that  the  "Cumulative 
Effect  "  is  ignored,  and  it  is  argued  that  on  a  large-span  bridge  the 
effect  of  the  Moving  Load  is  practically  no  greater  than  that  of  the 
same  weight  as  Fixed  Load,  becaiase  the  observed  extra  deflection  is 
but  trifling.  On  the  other  hand  it  is  frequently  found  that  the  "  Im- 
mediate Effect  "  is  ignored,  and  the  deductions  from  Wohler's  experi- 
ments by  Launhardt,  Weyrauch  and  others  are  discussed  as  if  cumu- 
lative eflect  were  the  only  matter  for  consideration. 

To  determine  a  coeSicient  for  the  Moving  Load  by  a  study  of 
cumulative  effect  alone  would  be  to  assume  the  effect  on  a  bridge  of 
an  engine  traveling  at  sixty  miles  an  hour  to  be  no  more  severe  than, 
that  due  to  the  same  engine  "  dead  "  hauled  over  slowly  with  a  rope 
from  a  winch  beyond  the  abutment.  On  the  other  hand  to  determine 
a  coefficient  for  the  Moving  Load  by  a  study  of  the  immediate  effect- 
alone,  would  be  to  assume  the  effect  on  a  bridge  of  an  engine  travers- 
ing the  structure  an  indefinite  number  of  times  to  be  no  greater  than 
that  produced  by  the  engine  traversing  the  structure  once  only. 

In  this  pajjer,  therefore,  the  effect  of  the  Moving  Load  will  be  con- 
sidered under  two  heads,  viz.:  {a)  Immediate  Effect— which  is  ob- 
servable every  time  a  train  passes  over  the  bridge;  and  (h)  Cumula- 
tive Effect — produced  in  course  of  time  by  relocated  loading  and  un- 
loading. 
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Immediate  Effect  of  the  Moving  Load. 

The  Measure  of  Immediate  Effect. — If  a  locomotive  be  run  slowly  on 
to  a  bridge  and  there  brought  to  a  stand,  the  stresses  produced  will 
be  simply  those  due  to  the  weight  of  the  machine  as  Fixed  Load.  If  the 
engine  be  now  made  to  traverse  the  bridge  at  a  considerable  sjaeed, 
the  immediate  effect  of  the  extra  stress  produced  is  indicated  by  an 
increased  deflection  of  the  structure  as  a  whole,  and  by  an  increased 
elongation  or  shortening  of  members  in  tension  or  compression. 

These  effects  may  be  measiired  by  suitable  instruments,  and  the 
immediate  effect  produced  by  the  locomotive  in  motion  can  be  com- 
pared with  that  produced  by  the  mere  weight  of  the  machine  at  rest. 
Thus,  for  example,  if  the  deflection  of  a  girder  with  the  engine  at 
speed  is  found  to  be  half  as  much  again  as  that  due  to  the  dead 
weight  of  the  engine  at  rest,  evidently  this  same  extra  deflection  could 
have  been  jorodiiced  with  the  engine  standing  on  the  bridge  by  load- 
ing it  with  laig  iron  until  the  weight  resting  on  its  wheels  had 
been  inci-eased  by  50  jjer  cent.*  A  ton  of  Moving  Load  in  this  case 
being  found  to  jiroduce  on  the  bridge  an  immediate  measurable 
effect  as  severe  as  one  and  a  half  tons  of  Fixed  Load,  it  is  clear  that 
for  the  j)urpose  of  determining  the  stresses  the  actual  weight  of  the 
Moving  Load  would  have  to  be  multiplied  by  a  coefficient  of  1.5,  to 
obtain  its  equivalent  in  terms  of  Fixed  Load. 

Observations  in  India  on  Deflectiun.  —  Since  the  year  1879  deflection 
observations  have  been  regularly  made  in  India  by  the  Government 
Inspector  on  the  bridges  of  each  new  section  of  railway  before  it  is 
opened  for  traffic.  These  observations  are,  whenever  practicable, 
made  with  self-recording  apparatus,  and  are  conducted  on  a  uniform 
system  under  Government  rules.  The  author  has  made  an  analysis 
of  all  the  results  thus  obtained  for  ten  years,  from  June,  1882,  to  June, 
1892.  This  deals  with  nearly  1  500  separate  observations  made  by  a 
number  of  different  inspecting  officers  in  all  parts  of  India  where  rail- 
ways had  been  constructed  during  that  period,  and  with  every  variety 
of  girder  in  ordinary  use,  over  about  7  500  miles  of  new  railway.  Some 
of  these  lines  are  on  the  5  ft. -6  in.  gauge,  others  on  the  meter-gauge. 
Some  are  owned  by  the  Government,  others  by  companies. 

It  will  be  seen,  therefore,  that  the  results  thus  obtained  represent 

averages,  not  only  of  a  considerable  number  of  actual  observations, 

*  This,  of  course,  depends  on  the  assumption  that  the  measurable  deflection  in- 
creases directly  as  the  actual  stress. 
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but  also  for  a  variety  of  diflferent  spans  and  different  designs.  Fur- 
ther, that  the  experiments  were  conducted  on  a  uniform  system  and 
under  practical  conditions  by  a  number  of  entirely  independent  ob- 
servers. No  doubt,  in  many  cases  the  original  data  may  have  been  but 
roughly  determined,  and  the  observers  j^erhaps  sometimes  did  their  work 
in  a  careless  or  perfunctory  manner;  but  any  errors  due  to  defective 
observation  are  as  likely  to  be  on  one  side  as  the  other,  and  with  the 
large  number  of  observations  on  which  the  averages  were  taken,  and 
the  large  number  of  different  observers  who  contributed  to  these 
averages,  it  is  probable  that  the  resiilts  obtained  fairly  represent  the 
tendency  of  the  actual  effects  produced  under  ordinary  conditions. 

Collation  of  the  Results. — In  collating  and  arranging  these  data  the 
average  of  all  the  observations  was  first  taken  for  each  span  separately, 
and  the  results  so  obtained  plotted  by  jaoints  on  the  diagram.  A  note 
was  then  made  at  each  point  to  show  the  number  of  observations  on 
which  the  position  of  that  point  depended,  and  each  jioint  in  succes- 
sion Avas  joined  to  that  immediately  beyond  it  by  a  straight  line.  On 
each  straight  line  so  obtained  a  mark  was  made  dividing  it  into  two 
parts  in  the  inverse  ratio  of  the  numbers  at  its  end  points.  These 
marks  thus  again  averaged  the  averages  jareviously  obtained,  in  the 
ratio  of  their  relative  importance.  It  will  be  seen,  therefore,  that 
under  this  system  each  point  was  given  votes  (as  it  were)  in  proportion 
to  the  number  of  observations  it  represented,  and  the  jjosition  in 
which  the  curve  was  finally  drawn  was  determined  accordingly. 
Through  the  last  point,  thus  obtained  experimentally  for  the  greatest 
proportion  of  Fixed  Load,  the  line  was  continued  as  an  even  curve  to 
pass  through  the  point  of  all  "Fixed  Load  "  where  the  immediate 
effect  of  the  Moving  Load  becomes  nothing.  The  result  thus  obtained 
is  illustrated  in  the  diagram.  Fig.  1. 

Endeavors  were  made,  by  different  systems  of  plotting  and  in 
other  ways,  to  discover  some  law  or  rule  by  which  the  form  of  the 
curve  might  be  determined,  but  without  success.  A  parabola  was,  of 
course,  first  suggested,  but  was  found  quite  irreconcilable  by  any  rea- 
sonable concessions.  The  result  now  presented,  therefore,  embodies 
no  theory ;  it  is  merely  an  even  curve  averaging  the  actual  results  as 
nearly  as  practicable. 

Results  Accepted  for  Practical  Purposes. — To  what  extent  the  results 
now  obtained  for  girders  as  comi)lete  structures  apply  to  individual 
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truss  members  can  only  be  determined  by  an  extended  series  of  de- 
tailed experiments  on  individtial  members  in  girders  of  diflferent  types; 
but  as  the  law  by  whicli  the  effects  are  governed  must  be  the  same  in 
both  cases,  it  is  probable  that  the  scale  by  which  the  value  of  the 
coefficient  varies,  for  different  ratios  of  Moving  Load  to  Fixed  Load, 
will  be  of  a  similar  character;  and  as  the  results  obtained  from  the 
deflection  of  the  truss,  as  a  whole,  must  to  a  great  extent  represent 
the  average  for  all  its  members,  it  will  be  evident  that  the  error  cannot 
in  any  case  be  of  great  importance. 

It  is  probable  that  a  complete  series  of  experiments,  carefully  con- 
ducted with  efficient  apparatiis,  would  indicate  that  each  class  of  mem- 
bers of  a  triangulated  girder  has  its  own  i^roper  series  of  coefficients,^ 
and  that  another  series  would  apply  to  jjlate  girders.  If  the  lines 
representing  each  of  these  series  of  coefficients  were  plotted  on  a 
diagram,  a  maximum  and  minimum  boundary  line  could  then  be  drawn, 
enclosing  a  strij)  or  band  within  which  all  the  coefficient  lines  would  lie. 

Remembering  that  herein  only  the  coefficient  for  immediate  effect 
is  being  discussed — that  this  has  to  be  combined  with  the  cumulative 
effect  to  obtain  the  total  effect — that  this  total  effect  is  for  Moving  Load 
alone,  and  that  to  obtain  the  total  effective  stress  on  the  bar  the  Fixed 
Load  is  to  be  added — remembering,  further,  that  the  safe  working 
stress  on  a  bar,  due  to  all  these  effects  combined,  is  only  one-third  of 
the  ultimate  breaking  stress  for  that  bar — it  will,  no  doubt,  be  agreed 
that  the  width  of  the  strip  or  band,  containing  the  various  coefficient 
lines,  is  not  likely  to  be  great  enough  to  affect  to  any  important  extent 
the  actual  dimensions  which  would  be  given  to  any  individual  member 
of  a  truss  as  a  result  of  these  calculations.  Still  less  would  it  be 
likely  to  affect  the  approximate  formula  recommended  for  general  use. 

For  practical  jiurj^oses,  therefore,  and  in  the  absence  of  more  com- 
plete data,  it  is  considered  that  the  results  of  the  deflection  exjieri- 
ments  made  in  India  may  be  accepted  as  a  sufficiently  close  aj^proxi- 
mation  to  the  average  immediate  effect  produced  on  the  members  of  a 
bridge  truss  by  a  passing  train. 

The  general  results  for  the  immediate  effect  of  the  Moving  Load,  as 
obtained  from  these  experiments,  are  given  in  Table  No.  1*,  for  different 

*  For  the  purposes  of  this  paper  it  is  assumed  that  the  static  brealcing  stress  per 
square  inch,  for  material,  as  ordinarily  used  for  bridge  girders,  may  be  talien  as  21  tons  for 
wrought  iron  and  27  tons  for  steel.  Also,  that  the  safe  working  stress  may  be  taken  as 
one-third  of  the  breaking  stress.  Hence,  for  an  entirely  static  or  fixed  load,  the  figures 
adopted  are  as  follows: 

Iron.  Steel. 

Breaking  stress  in  tons  per  square  inch 21.00  27.00 

Safe  working  stress  in  tons  per  square  inch 7.00  9.00 
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conditions  of  loading,  irom  "All  Moving  Load"  advancing  by  5%  dif- 
ferences up  to  "All  Fixed  Load."  Tliese  results  are  also  exhibited 
in  a  graphic  form  in  Fig.  1. 

TABLE    No.    1. — Immediate    Effect    of    Moving   Load.     Deduced 
FROM  Deflection  Experiments  made  in  India. 


Immediate  Breaking  Stress  for  the  Compound 

Nature  of  Com- 

Load. 

Tons  per  Square  Inch. 

pound  Load. 

Immediate 
effect  of  Moving 

Ratio   Percent- 

age. 

Load  compared 

Apportionment  of  the  Breaking 

with  that  of 

Stress. 

Fixed  Load. 
Percentage. 

For  the  Total 
Load. 

Fixed 

Moving 

Due  to  Fixed 

Due  to  Moving 

Load. 

Load. 

Load. 

Load. 

0 

100 

2.5 

97.5 

i47;46 

i4;36 

6;36 

i4!66 

5 

95 

133.78 

15.90 

0.79 

15.10 

10 

90 

122.63 

17.45 

1.74 

15.70 

15 

85 

116.86 

18.37 

2.76 

15.61 

20 

80    " 

113.06 

19.01 

3.80 

15.21 

25 

75 

110.27 

19.50 

4.87 

14.62 

30 

70 

108.13 

19.87 

5.96 

13.91 

33.3 

66.7 

107.14 

20.05 

6.68 

13.37 

35 

65 

106.63 

20.13 

7.05 

13.09 

40 

60 

105.47 

20.33 

8.13 

12.20 

45 

55 

104.62 

20.48 

9.22 

11.26 

50 

50 

103.87 

20.60 

10.30 

10.30 

55 

45 

103.23 

20.70 

11.38 

9.31 

60 

40 

102.63 

20.78 

12.47 

8.31 

65 

35 

102.10 

20.85 

13.55 

7.30 

66.7 

33.3 

101.96 

20.86 

13.91 

6.95 

70 

30 

101.64 

20.90 

14.63 

6.27  ■ 

75 

25 

101.21 

20.94 

15.70 

5.23 

80 

20 

100.82 

20.97 

16.77 

4.19 

85 

15 

100., 53 

20.98 

17.84 

3.15 

90 

10 

100.30 

20.99 

18.89 

2.10 

95 

5 

100.13 

21.00 

19.95 

1.05 

100 

0 

100.00 

21.00 

21.00 

0.00 

Cumudattve  Effect  of  the  Moving  Load. 

The  celebrated  experiments  of  Wohler,  followed  by  further  obser- 
vations in  the  same  direction  by  Spangenberg,  Bauschinger  and  B. 
Baker,  have  furnished  engineers  with  a  mass  of  data  I'egarding  the 
cumulative  effect  produced  on  a  structure  by  rej^eated  loading  and 
unloading. 

The  experiments,  it  must  be  remembered,  were  conducted  with  ap- 
paratus specially  arranged  to  apply  and  remove  the  load  in  a  steady 
and  uniform  manner,  the  effect  of  shocks  and  the  violent  jarring  and 
hammering  action,  which  is  observed  when  a  locomotive  traverses  a 
bridge  at  speed,  being  entirely  eliminated.     The  results  of  these  ex- 
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periments  on  cumulative  effect  are,  therefore,  exactly  what  is  required 
to  supplement  the  observations  on  immediate  effect. 

The  general  results  are  familiar  to  all  engineers  who  have  inter- 
ested themselves  in  the  subject,  and  are  briefly  as  follows: 

Let  t  =  The  greatest  stress  the  bar  will  bear  under  a  static 
load.     Condition  —  "  All  Fixed  Load." 

{Tragfestigkeit,  or  Statical  breaking  strength.) 
u  =  The  greatest  stress  of  which  the  bar  will  bear  an  in- 
definite number  of  repetitions  with  the  load  applied 
and  removed.     Condition  —  "  All  Moving  Load." 
[Ursjivungfi/estigkeit,  or  Primitive  strength.) 
-|-  V  and  —  V  :=  The  greatest  stress  of  which  the  bar  will  bear  an  in- 
.    definite  number  of  alternations.     The  load  produc- 
ing   tension    and    comjDression    alternately  ;     the 
stresses  being  equal,  but  in  opposite  directions. 
a  =  The  actual  stress  under  which  the  bar  breaks — some- 
times called  the  "  Working  Strength  "  of  the  bar. 
{Arbeits/estigkeit,  or  Ultimate  working  strength.) 
Min.  iS  =  The  least  stress  to  which  the  bar  is  subjected. 
Max.  S  =■  The  greatest  stress  to  which  the  bar  is  subjected. 

0  =  =r^ — '—-^.    This  expression  also  represents  the  ratio  of 

initial  stress  or  Fixed  Load  to  the  Total  Load. 
For  example,  if  a  compound  load  be  made  up  of 
one-fourth  Fixed  Load  and  three-fourths  Moving 
Load,  the  value  of  (p  will  be  0.25. 

First — With  a  Moving  Load  apj^lied  and  removed  an  indefinite 
number  of  times,  and  alternating  from  zero  to  a  certain  fixed  quantity, 
a  bar  will  ultimately  break  with  a  load  considerably  less  than  that 
which  it  would  have  been  able  to  bear  as  Fixed  Load.  In  other  words, 
u  is  always  considerably  less  than  t.  The  ratio  of  m  :  t  is  found  to  vary 
with  diff'erent  materials,  and  some  of  the  exjieriments  show  great  dis- 
crepancies ;  but,  in  a  general  way,  it  appears  that  the  diff'erence  be- 
tween u  and  t  is  greater  in  steel  with  a  comparatively  large  percentage 
of  carbon  and  high  static  breaking  stress,  and  less  with  mild  steel 
having  a  lower  static  breaking  stress.  With  wrought  iron,  moreover, 
it  is  generally  less  than  with  mild  steel. 
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The  actual  relative  value  of  u,  as  compared  with  t,  may  be  taken 
roughly  as  varying  from  u  —  ^t  for  wrought  iron  down  io  u  ^^  \t  for 
tool  steel. 

Second. — With  a  stress  alternating  from  a  positive  amount,  +  v,  to 
an  eqiaal  negative  amount,  —  v,  the  bar  will  ultimately  break  if  v  = 
about  ^  u. 

Third. — With  a  certain  initial  stress  or  Fixed  Load  (Min.  S),  and  a 
certain  Moving  Load  added  and  removed  (causing  the  total  stress  to 
vary  by  loading  and  unloading  from  Min.  *S  to  Max.  aS"),  the  stress 
on  the  bar  becomes  comiDound,  being  jjartly  due  to  Fixed  Load 
and  jjartly  due  to  Moving  Load.  Under  these  conditions,  the  total 
stress  a  under  which  the  bar  ultimately  breaks  will  vary  with  the  ratio 
or  percentage  of  Fixed  Load  to  Moving  Load. 

The  extreme  limits  are:   on  one  side  "  All  Fixed  Load,"  when 
Range,  Min.  S  to  Max.  xS  =  0,  then  a  =  ^  and  0  =  1; 
and  on  the  other  side,  "  All  Moving  Load,"  when 

Range,  Min.  S  to  Max.  S  =  u,  then  a  =  u  and  0  =  0. 

Between  these  limits  the  value  of  a  for  any  ratio  of  Fixed  Load  to 
Moving  Load  can  be  determined  by  means  of  "  Gerber's  parabola, " 
or  by  the  use  of  Launhardt's  formula.* 

Gerber's  Parabola. — The  range  of  stress  which  a  bar  will  bear  for  an 
indefinite  number  of  rei3etitions  of  the  load  ai:)plied  and  removed 
having  been  determined  by  Wohler's  experiments  for  different  con- 
ditions of  loading,  it  was  found  by  Gerber  that  if  the  ranges  of  stress 
be  plotted  as  ordinates,  and  the  corresponding  minimum  stresses  as 
abscissas,  the  points  would  f all  ajsproximately  on  a  parabolic  curve. 
Let  l\  =  The  range  of  stress,  i.  e.,  Max.  /S'=f  Min.  S.-\ 

t  =  The  greatest  stress  the  bar  will  bear  under  a  static  load. 
A:  =  A  constant  for  the  material. 

Then  Gerber's  equation  may  be  written  thus — 
(Min.  /S  +  i  A)^  +  ^'A  -=  i" 

The  ultimate  static  breaking  stress  for  wrought  iron,  as  ordinarily 
used  for  bridge  girders,  may  be  taken  as  21  tons  per  square  inch.  For 
iron  of  this  quality,  the  results  of  Wohler's  experiments  show  that  the 

*  For  an  account  of  other  methods  of  dealing  with  the  subject,  which  have  been  pro- 
posed by  Schaffer,  Miiller,  Winkler,  Cain,  Smith,  Seefehlner,  Ritter,  Lippold,  and 
Clericetti,  with  tabular  comparisons  of  results,  see  the  paper  by  Weyrauch  published  in 
Proc.  Inst.  C.  £.—1883-83.— Vol.  Ixxi,  p.  298. 

t  The  upper  sign  is  to  be  taken  where  the  stresses  are  of  the  same  kind  and  the  lower, 
if  of  different  kinds  (t.  e.,  ranging  between  tension  and  compression). 
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greatest  stress  of  which  the  bar  'will  bear  an  indefinite  number  of  repe- 
titions with  the  load  aiDplied  and  removed,  will  be  about  14  tons,  i.  e., 
about  two-thirds  of  the  ultimate  static  breaking  stress.  The  corre- 
sponding value  of  k  in  Gerber's  equation  will  then  be  28. 

The  general  results  for  cumulative  efifect  of  the  Moving  Load, 
obtained  by  the  use  of  Gerber's  Parabola  for  wrought  iron,  are  given  in 
Table  No.  2,  for  different  conditions  of  loading  from  "All  Moving 
Load,"  when  : 

Range  from  Min.  S  to  Max.  *S'  =  w,  and  a  =^  u; 
advancing  by  h%  differences  uj)  to  "All  Fixed  Load,"  when, 

Range  from  Min.  <S  to  Max.  5=0,  and  a  =^  t. 

TABLE  No.  2. — Cumulative  Effect  of  MovnsrG  Load  Deduced  from 
Wohler's  Experements  by  Gerber's  Parabola. 


Ultimate  Breaking  Stress  for 

THE  Compound 

Nature   of    Com- 

Load. 

Tons  per  Square  Inch. 

pound  Load. 

Cumulative 
effect  of  Moving 

Ratio  Percent- 

age. 

Load  compared 

Apportionment  of  the  Breaking 

with  that  of 

Stress. 

Fixed  Load. 
Percentage. 

For  the  Total 
Load. 

Fixed 

Moving 

Due  to  Fixed 

Due  to  Moving 

Load. 

Load. 

Load. 

Load. 

0 

100 

150.00 

14.00 

0.00 

14.00 

2.5 

97.5 

149.00 

14.21 

0.36 

13.86 

5 

95 

148.00 

14.42 

0.72 

13.70 

10 

90 

146.00 

14.85 

1.49 

13.37 

15 

85 

144.00 

15.28 

2.29 

12.99 

20 

80 

142.01 

15.72 

3.14 

12.57 

35 

75 

140.05 

16.15 

4.04 

12.11 

30 

70 

138.12 

16.58 

4.97 

11.60 

33.3 

66.7 

136.85 

16.86 

5.62 

11.24 

35 

65 

136.22 

17.00 

5.95 

11.05 

40 

60 

134.37 

17.41 

6.96 

10.45 

45 

55 

132.57 

17.81 

8.01 

9.80 

50 

50 

130.81 

18.20 

9.10 

9.10 

55 

45 

129.12 

18.57 

10.21 

8.36 

60 

40 

127.48 

18.92 

11.35 

7.57 

65 

35 

125.91 

19.25 

12.52 

6.74 

66.7 

33.3 

125.40 

19.36 

12.91 

6.45 

70 

30 

124.40 

19.57 

13.70 

5.87 

75 

25 

122.96 

19.86 

14.90 

4.97 

80 

20 

121.58 

20.13 

16.11 

4.03 

85 

15 

120.26 

20.38 

17.32 

3.06 

90 

10 

119.00 

20.61 

18.55 

2.06 

95 

5 

117.81 

20.81 

19.77 

1.04 

100 

0 

116.67 

21.00 

21.00 

0.00 

Launhardfs  Formula. — The  formula  proposed  by  Launhardt  to  ex- 
press the  results  claimed  by  Wohler's  exj)eriments  is  as  follows : 

t—u       Min.  5^ 


="( 


1  + 


Max 


.s) 


STONE  ON  WORKING  STRESS  FOR  RAILWAY  BRIDGES.  481 

It  will  be  observed  that  if  the  results  obtained  by  the  use  of  Laun- 
hardt's  formula  be  plotted  on  the  same  system  as  that  adopted  by 
Gerber,  the  curve  obtained  will  also  be  a  parabola. 

Taking  the  data  for  wrought  iron  as  before  (see  under  Gerber's 
parabola)  there  results : 

For  an  entirely  static  load  (/.  e.,  All  Fixed  Load)  i  =  21; 

For  a  load  alternating  from  zero  to  maximum  [i.  e.,  All  Moving 
Load)   u  =  14. 

Let  :^ — '-^  be  represented  by  the  symbol  0;  then,   for  wrought 

iron,  Launhardt's  formula  may  be  written  thns: 

„  =  14(l+|) 

The  general  results  for  the  cumulative  effect  of  the  Moving  Load, 
obtained  by  the  use  of  Launhardt's  formula  for  wrought  iron,  are 
given  in  Table  No.  3  for  different  conditions  of  loading  from  "All 
Moving  Load,"  when: 

Range  from  Min.  *S'  to  Max.  S  t=  u,  then  a  =  u  and  0  =  0, 
advancing  by  5%  differences  up  to  "  All  Fixed  Load,"  when: 

Range  from  Min.  S  to  Max.  S  =  0,  then  a  =  t  and  0=1. 

Total  Effect  of  the  Moving  Load. 

Definition  of  Total  Effect. — The  total  extra  effect  jaroduced  by  the 
Moving  Load,  as  compared  with  that  due  to  the  sanie  weight  as  Fixed 
Load,  may  be  taken  as  that  which  would  be  produced  by  an  indefinite 
number  of  repetitions  of  the  immediate  effect.  In  other  words,  the 
total  effect  which  the  bridge  should  be  designed  to  bear  with  safety  is 
the  ultimate  cumulative  effect  of  the  immediate  effect. 

Method  of  Galcuhitioa. — Let  it  be  assumed,  for  example,  that  a 
certain  member  of  a  bridge  girder  has  to  be  designed  to  bear  a  com- 
pound load,  of  which  10%  is  due  to  Fixed  Load,  and  90j^  due  to 
Moving  Load,  giving  a  ratio  of — 

10  fixed 
90  moving 
and  that  the  actual  amount  of  the  Moving  Load  is  100  tons. 

This  100  tons  of  Moving  Load  is,  owing  to  the  violence  with  which 
it  is  applied,  found  by  experiment  (see  Table  No.  1)  to  produce  an 
immediate  effect  as  severe  as  that  which  would  be  produced  by  122.63 
tons  applied  quietly. 


4^2 
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TABLE  No.   3. — Cumulative  Effect  of    Moving    Load.     Deduced 

FBOM   WoHIjER's   ExpEKIMENTS   BX    LaUNHABDT's   FoKMUIiA. 


Ultimate  Breaking  Stress  for  the  Compound 

Nature  op    Com- 

Load. 

Tons  Per  Square  Inch. 

pound  Load. 

Cumulative 
effect  of  Moving 

Ratio  Percent- 

age. 

Load  compared 

Apportionment  of  the  Breaking 

witli  that  of 

Stress. 

Fixed  Load. 
Percentage. 

For  tlie  Total 
Load. 

Fixed 

Moving 

Due  to 

Due  to 

Load. 

Load. 

Fixed  Load. 

Moving  Load. 

0 

100 

1.50.00 

14.00 

0.00 

14.00 

2.5 

97.5 

149.38 

14.18 

0.35 

13.82 

5 

95 

148.78 

14.35 

0.72 

13.63 

10 

90 

147.62 

14.70 

1.47 

13.23 

15 

85 

146.51 

15.05 

2.26 

12.79 

20 

80 

145.45 

15.40 

3.08 

12.32 

25 

75 

144.44 

15.75 

3.94 

11.81 

30 

70 

143.48 

16.10 

4.83 

11.27 

33.3 

66.7 

142.86 

16.33 

5.44 

10.89 

35 

65 

142.55 

16-45 

5.76 

10.69 

40 

60 

141.67 

16.80 

6.72 

10.08 

45 

55 

140.82 

17.15 

7.72 

9.43 

50 

50 

140.00 

17.50 

8.75 

8.75 

55 

45 

139.22 

17.85 

9.82 

8.03 

60 

40 

138.46 

18-20 

10.92 

7.28 

65 

35 

137.74 

18.55 

12.06 

6.49 

66.7 

33.3 

137.50 

18.67 

12.44 

6.22 

70 

30 

137.04 

18.90 

13.23 

5.67 

75 

25 

136.36 

19.25 

14.44 

4.81 

80 

20 

135.71 

19.60 

15.68 

3.92 

85 

15 

135.09 

19.95 

16.96 

2.99 

90 

10 

134.48 

20.30 

18.27 

2.03 

95 

5 

133.90 

20.65 

19.62 

1.03 

100 

0 

133.33 

21.00 

21.00 

0.00 

i 


Ha-ving  fouud  the  enhancement  of  stress  cine  to  the  violence  with 
■which  the  load  is  applied,  the  cumulative  effect  will  evidently  be  that 
due  to  an  indefinite  number  of  repetitions  of  this  enhanced  stress. 
For  cumulative  effect,  therefore,  the  load  -which  is  applied  to  and 
removed  from  the  member  every  time  the  train  traverses  the  bridge 
must  be  taken  as  122.63  tons  (instead  of  100  tons).  The  Fixed  Load, 
however,  remains  as  before. 

Hence,  for  the  purpose  of  determining  the  cumulative  effect,  the 

ratio — 

10  fixed 
90  moving 

will  be  changed,  the  Moving  Load  being  increased  by  22.63^,  and 
the  ratio  will  become — 

10  fixed 


110.367  moving 


or  as  a  percentage  ratio — 
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8.308  fixed 
91.692  moving 

The  coefficient  for  ultimate  cumulative  effect,  ajaplicable  to  this 
ratio  by  Gerber's  Parabola,  is  1.467.  This  coefficient  is  to  be  applied 
to  122. 63  tons  (not  100  tons)  and — ■ 

122.63  X  1.467  =  179.9  tons. 

By  Launhardt's  formula  the  results  would  be : 

122.63  X  1.480  =  181.5  tons. 

Mode  of  Apnlieation — Hence  with  a  ratio  of  ^ttt ; — , 

•^      ^^  90  moving 

a  Moving  Load  of  100  tons  ajDi^lied  and  removed  an  indefinite  number 
of  times  would  produce  a  total  eflfect  (the  cumulative  eflfect  of  the 
immediate  eflfect)  equivalent  to  about  180  tons  as  fixed  load.  In 
other  words,  with  this  ratio,  to  obtain  the  equivalent  of  the  Moving 
Load  in  terms  of  Fixed  Load,  the  coefficient  would  be  1.8;  and,  to 
determine  the  dimensions  of  the  member,  the  Moving  Load  may  be 
multiplied  by  1.8,  the  result  added  to  the  actual  Fixed  Load,  and,  for 
the  purposes  of  calculation,  the  total  so  obtained  used  as  "All  Fixed 
Load." 

Statement  of  Results. — The  general  resiilts  for  the  total  eflfect  of  the 
Moving  Load  (/.  e.,  the  ultimate  cumulative  eflfect  of  the  immediate 
eflfect)  for  wrought  iron  are  given  in  Table  No.  4  for  diflferent  com- 
binations of  loading,  from  "All  Moving  Load,"  advancing  by  ^% 
diflferences,  up  to  "All  Fixed  Load."  The  total  eflfect  here  given  is 
calculated  as  explained  above,  the  cumulative  eflfect  as  used  for  cal- 
culation being  taken  as  the  mean  between  the  results  obtained  by  the 
use  of  Gerber's  Parabola  and  those  obtained  by  the  use  of  Laun- 
hardt's formula.  These  results  are  also  exhibited  in  a  graphic  form 
in  Fig.  1. 

Results  Applied  to  Pkactice. 

Results  by  Experiment. — For  wrought  iron,  the  actual  eflfects  for 
a  Comi^ound  Load,  as  determined  by  experiment,  for  different 
combinations  of  Fixed  Load  and  Moving  Load,  are  shown  in  Table 
No.  4. 

It  will  be  remembered  that  these  figures  represent  the  combined 
results  for  immediate  effect  and  for  cumulative  effect,  and  that  for  im- 
mediate effect  the  curve  was  not  plotted  by  any  rule,  but  was  merely 
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TABLE    Xo.    4. — Total   Effect   of   Moving   Load.     The  Ultimate 
CuMuiiATivE  Effect  of  the  iMiTEDiAiE  Effect. 


Ultimate  Breaking  Stress  for  the  Compound 

Natcre  of  Com- 

Load. 

Tons  Per  Square  Inch. 

porND  Load. 

Total  effect  of 
Moving  Load 

Ratto  Percent- 

age. 

compared  with 

Apportionment  of  the  Breaking 

that  of  Fixed 

Stress. 

Load. 
Percentage. 

For  the  Total 
Load. 

Fixed 

Moving 

Due  to 

Due  to 

Load. 

Load. 

Fixed  Load. 

Moving  Load. 

0 

100 

2.5 

97.5 

s-io.'ai 

"9".  66 

"oM 

■■9;42 

5 

95 

199.04 

10.82 

0.54 

10.28 

10 

90 

180.68 

12.17 

1.22 

10.95 

15 

85 

170.42 

13.14 

1.97 

11.17 

20 

80 

163.16 

13.95 

2.79 

11.16 

25 

75 

157.44 

14.68 

3.67 

11.01 

30 

70 

152.75 

15.34 

4.60 

10.74 

33.3 

66.7 

150.30 

15.73 

5.24 

10.48 

35 

65 

149.07 

15.92 

5.57 

10.35 

40 

60 

145.93 

16.46 

6.59 

9.88 

45 

55 

143.31 

16.96 

7.63 

9.33 

50 

50 

140.90 

17.43 

8.72 

8.72 

55 

45 

138.70 

17.89 

9.84 

8.05 

60 

40 

136.63 

18.32 

10.99 

7.33 

65 

35 

134.71 

18.73 

12.17 

6.55 

66.7 

33.3 

134.13 

18.85 

12.57 

6.29 

70 

30 

132.94 

19.11 

13.38 

5.73 

re 

25 

131.28 

19.48 

14.61 

4.87 

80 

20 

129.73 

19.82 

15.86 

3.96 

86 

15 

128.36 

20.14 

17.12 

3.02 

90 

10 

127.13 

20.45 

18.40 

2.04 

95 

5 

126.02 

20.73 

19.69 

1.04 

100 

0 

125.00 

21.00 

21.00 

0.00 

drawn  in  evenly,  to  average,  as  nearly  as  jiraclicable,  the  actual  values 
obtained  by  experiment.  The  corresponding  curve  lias,  therefore,  no 
equation,  and  the  results  can  only  be  utilized  by  a  reference  to  the 
table  itself. 

This  process  would,  however,  not  be  specially  troublesome,  as,  in 
practice,  a  corresponding  table  or  diagram  would  be  used  to  facilitate 
computations  made  on  any  modern  system,  or  based  on  an  ordinary 
formula,  such  as  that  of  Launhardt.  It  would,  in  either  case,  merely 
be  necessary  to  ascertain  the  percentage  ratios  of  Moving  Load  to  Fixed 
Load,  and  take  the  corresponding  figures  from  the  table  or  diagram. 

It  is,  nevertheless,  certainly  desirable  to  have  a  simple  rule  or  easily 
remembered  formula,  and  the  following  are  accordingly  offered  for 
consideration,  as  giving  results  sufficiently  near  to  those  obtained  by 
experiment,  and  as  being,  at  the  same  time,  easy  of  api^lication.  The 
effect  of  each  of  these  systems,  for  wrought  iron,  is  exhibited  graph- 
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CO-EFFICIENT  TO  BE  APPLIED  TO  MOVING  LOAD 
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ically  in  Figs.  2  and  3,  for  comi^arison  witli  one  another  and  with  the 
results  of  experiment.  The  curve  representing  the  results  of  experi- 
ment is,  for  distinction,  called  the  "  Standard  Curve." 

General  Principles. — It  is  assumed  as  established,  that,  for  any  Com- 
pound Load,  the  vai'iation  in  the  breaking  stress  j)er  unit  of  area 
depends  on  the  range  of  stress;  that  is  to  say,  on  the  relative  amount 
of  Moving  Load  in  the  Compound  Total  Load.  To  assist  in  the  inves- 
tigation of  this  subject,  and  to  enable  different  systems  to  be  properly 
compared,  it  will,  therefore,  be  convenient  to  adojit  a  symbol  which 
will  directly  represent  the  range.  For  stresses  all  in  the  same 
direction  [i.  e.,  all  in  tension  or  all  in  compression):  Range  of  stress  = 
Moving  Load  =  Max.  S  —  Min.  S. 

J    .   Tf Moving  Load  Range 

~  Moving  Load  +  Fixed  Load       Total 

Then  the  value  of  R  increases  directly  as  the  range  of  stress, 
and  rei^resents  the  ratio  which  the  range  of  stress  bears  to  the  total 
stress. 

The  extreme  limits  in  the  value  of  R  are,  on  one  side,  "All  Fixed 
Load,"  when: 

Min.  *S'  =  Max.  S,  then  a  =  t  and  R  =  0, 

and  on  the  other  side,  "All  Moving  Load"  when: 

Min.  S  =  0,  then  a  =  u  and  iiJ  =  1. 

It  will  be  observed  that  R  is  thus  the  complement  of  the  symbol 
used  for  the  Launhardt  formula,  thus  : — 

R-\-  (P=^l,  R^l  —  <p,  (p  =  1  —  R 

and,  remembering  this  relation,  it  is  easy  to  translate  an  exj^ression 
from  one  system  to  the  other. 

Fixed  Coefficient. — Under  this  system  each  ton  of  Moving  Load  is 
assumed  to  have  a  constant  relative  value,  as  compared  with  a  ton  of 
Fixed  Load,  and,  on  any  member  of  a  bridge,  the  nominal  unit  stress 
would  merely  depend  upon  how  much  Moving  Load  and  how  much 
Fixed  Load  had  to  be  compounded  at  that  relative  value. 

It  will  be  seen,  however,  from  the  results  of  exjjeriment,  that  the 
effect  of  Moving  Load,  as  compai'ed  with  that  of  Fixed  Load,  is  not  in 
all  cases  the  same,  but  is  relatively  greater  as  the  iDrojiortion  of  Mov- 
ing Load  becomes  higher.     Thus,  according  to  the  results  of  experi- 
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ment,  the  coefficients  proper  to  different  conditions  of  loading  are  as 

follows  : 

Moving  Load.  Fixed  Load.  Actual  Coefficient.* 

10  90  1.27 

50  50  1.41 

90  10  1.81 

It  might,  therefore,  at  first  sight  ajjpear  that  under  the  single 
coefficient  system  it  would  not  be  possible  to  obtain  a  graduated  scale 
for  the  permissible  unit  stress  which  should  be  fairly  in  accord  with 
the  requirements  of  the  case;  but  it  will  be  found  on  consideration 
that  under  this  system  the  graduation  is  better  than  might  at  first  be 
supposed;  and  that  a  single  coefficient,  if  selected  as  ai^plicable  to  a 
high  ratio  of  Moving  Load  to  Fixed  Load,  would  in  itself  j)rovide  a 
sliding  scale  yielding  results  which  would  j^erhaps  nowhere  diff'er  to 
an  important  extent  from  those  which  would  be  obtained  under  a  more 
complete  system. 

Eemembering  that  the  coefficient  is  applied  only  to  that  part  of  the 
Total  Load  which  has  been  called  "Moving  Load,"  it  is  evident  that 
its  effect  in  increasing  the  size  of  any  member  becomes  relatively 
small  as  the  jiroportion  of  "  Moving  Load  "  to  be  taken  by  that  mem- 
ber is  reduced.  Thus,  with  a  single  coefficient  selected  as  applicable 
to  a  high  ratio  of  Moving  Load  as  compared  with  Fixed  Load,  the  i:)er- 
centage  of  error  in  the  Total  Load  obtained  by  its  use  would  be 
decreased  roughly  in  proj^ortion  as  the  actual  error  in  the  coefficient 
itself  became  greater;  and  with  the  maximum  error  in  the  coefficient, 
as  in  the  condition  of  (practically)  all  Fixed  Load,  the  error  in  the 
Total  Load  used  for  the  determination  of  the  dimensions  of  a  member 
would  become  (practically)  nil. 

*  As  there  has  been  some  misunderstanding  with  regard  to  this  coefficient,  the  fol- 
lowing ilhistratidn  is  offered  witli  an  apulogy  to  those  who,  being  well  acquainted  with 
the  matter,  will  no  doubt  regard  it  as  supei'll'uous: 

Suppose  that  a  number  of  bullets,  all  of  the  same  size,  be  made,  some  of  copper  and 
some  of  gold;  and  that  each  copper  bullet  weighs  one  ounce. 

Suppose  further,  in  the  first  instance,  that  the  specific  gravity  of  gold  be  exactly 
double  that  of  copper.  Under  these  conditions,  with  any  mixed  lot  of  bullets— some  of 
copper  and  some  of  gold— it  is  evidcTU  that  the  weight  of  the  lot  in  ounces  could  at  once 
be  ascertained  by  counting  the  nuniljer  of  each  kind  separately,  multiplying  the  gold 
number  by  two,  and  adding  tlie  result  to  the  actual  copper  nilmber.  This  represents 
the  case  for  a  single  fixed  coefficient. 

Suppose  now  the  conditions  altered,  and  that  the  specific  gravity  of  the  gold  bullets 
does  not  remain  the  same,  but  in  a  mixed  lot  is  found  to  be  higher  when  the  gold 
bullets  are  relatively  numerous,  and  lower  when  the  reverse  conditions  prevail.  To 
obtain  the  total  weight  for  any  mixed  lot  now,  not  only  would  the  number  of  bullets  of 
each  metal  have  to  be  counted,  but  the  ratio  of  the  numbers  woidd  have  to  be  deter- 
mined, and  the  calculation  be  based  on  a  specific  gravity  for  gold  which  would  vary 
with  that  ratio.    This  represents  the  case  for  a  variable  coefficient. 
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Tills  will  be  apparent  from  the  following  example : 

Case  1. — Conditions  assumed:  Moving  Load,  9  tons;  Fixed  Load, 
1  ton  ;  Correct  Coefficient,  2.0. 

Here  the  correct  equivalent  Total  Load  would  be  18  -f-  1  =  19  tons. 
Had  the  coefficient  been  wrongly  taken  at  1.5,  the  equivalent  Total 
Load  would  have  worked  out  to  13.5  +  1  =  14.5  tons,  showing  an  error 
in  the  result  nearly  j^roportioned  to  the  error  in  the  coefficient,  and 
all  on  the  wrong  side. 

Case  2. — Conditions  assumed:  Moving  Load,  1  ton;  Fixed  Load,  9 
tons;  Correct  Coefficient,  1.3. 

Here  the  correct  equivalent  Total  Load  would  be  1.3  4-  9  =  10.3 
tons.  Had  the  coefficient  been  wrongly  taken  at  2.0,  the  equivalent 
Total  Load  would  have  worked  out  to  2  -f  9  =  11  tons,  showing  an 
error  in  the  result  very  small  as  compared  with  the  error  in  the  co- 
efficient, and  all  on  the  side  of  safety. 

This  system,  with  a  fixed  coefficient  of  2.0,  has  found  much  favor  in 
America,  and  has  been  adopted  by  several  bridge  engineers,  notably 
by  Theodore  Cooper,  M.  Am.  Soc.  C.  E.  It  has  the  advantage  of 
very  great  simplicity,  and  gives  results  which  show  a  very  fair  ap- 
proximation to  those  obtained  by  experiment. 

The  corresponding  formula  is: 
Safe  working  stress  in  tons  per  square  inch  =  7  ><  f  i~Tr~5^ 

It  will  be  observed  on  reference  to  Fig.  3,  that  the  greatest  i^er- 
centage  divergence  from  the  standard  curve  occurs  at  the  point  where 

^i-y — -. = ^ ^:^;  here  the   results  with   a   fixed  coefficient  of  2.0 

Moving  Load  =  60 

would  give  an  excess  of  strength  of  about  25  per  cent. 

In  Fig.  2,  for  the  coefficient,  this  system  is  represented  by  a 
straight  line  parallel  to  the  datum  line.  In  Fig.  3,  for  safe  working 
stress,  the  bend  of  the  curve  is  downward  toward  the  datum  line 
throughout,  whereas  the  bend  of  the  standard  curve  is  in  the  oiijiosite 
direction,  with  curvature  increasing  with  the  ratio  of  Moving  Load. 
This  peculiarity  causes  a  considerable  difference  in  the  direction  of  the 
two  curves  where  the  ratio  of  Moving  Load  is  high.  The  curve  here 
in  fact  bends  the  wrong  way. 

Rule  Adopted  in  India. — It  will  be  observed  that,  where  a  fixed 
coefficient  of  2.0  is  adopted  for  all  members  of  a  truss,  there  will  be  an 
excess  of  strength  for  those  members  in  which  the  Total  Load  is  made 
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tip  of  a  large  proportion  of  Fixed  Load.  This  will  be  specially  observ- 
able in  the  main  booms  of  bridges  of  large  si:)an,  for  wliich  a  coefficient 
of  1.5  would  be  more  suitable. 

With  a  view  to  retain  the  simplicity  of  the  fixed  coefficient  system, 
and,  at  the  same  time,  obtain  results  more  nearly  in  accord,  with 
actual  conditions,  the  following  rule  has  been  adopted  by  the  Govern- 
ment of  India: 

For  any  member  of  a  railway  bridge  of  wrought  iron  or  steel,  the 
total  working  load  is  to  betaken  as  the  greatest  "Moving  Load" 
multiplied  by  a  coefficient  and  added  to  the  actual  "  Fixed  Load." 

The  coefficient  to  be  used  for  this  piarijose  is  2.0  in  all  cases, 
excejDt  for  the  upper  and  lower  booms  of  triangulated  girders,  for 
which  a  coefficient  of  1.5  may  be  used. 

It  will  be  seen  that,  although  two  coefficients  are  used,  there  will 
be  no  step  or  kink  in  the  line  representing  the  rule  graphically.  In 
the  graphic  representation  of  the  rule  there  would  be  two  sej^arate 
lines,  one  for  main  booms  and  the  other  for  general  work. 

Under  the  operation  of  the  rule  the  coefficient  of  1.5  would  not  be 
used  for  very  small  girders,  inasmuch  as  in  modern  practice  in  India 
triangulated  girders  are  not  used  for  spans  of  less  than  80  ft. 

It  has  been  shown  that,  with  only  a  single  coefficient,  the  adjust- 
ment of  the  unit  stress,  to  suit  varying  ratios  of  Fixed  Load  to  Moving 
Load,  can  be  arranged  for  fairly  well,  j^rovided  the  coefficient  selected 
be  that  aiDjjlicable  to  a  condition  of  approximately  "All  Moving 
Load."  With  the  addition  of  the  second  coefficient  for  main  booms, 
the  provisional  rule  adopted  in  India  gives  results  which  are  probably 
as  nearly  in  accord  with  the  actual  conditions  as  could  be  attained 
without  the  use  of  a  variable  coefficient.  The  rule  has,  moreover,  the 
practical  advantage  of  being  simple  and  very  easily  applied. 

This  rule  is  practically  in  accord  with  that  advocated  by  T.  Claxton 
Fidler  in    his    able    and    interesting   exposition    of   his    "Dynamic 
Method."*     The  formula  given  by  Fidler  is 
n  =  Max.  S-\-  00 
where  £1  repi'esents  the  momentary  internal  stress  and  co  the  dynamic 
increment.     For  cross-girders,  vertical  suspenders,  diagonals  of  web 
bracing  and  girders  up  to  a  span  of  20  ft. 
GO  =  Max.  S  —  Min.  S ; 

*  "A  Practical.  Treatise  on  Bridge  Const  i-uction,"  by  T.  Claxton  Fidler,  M.  Inst.  C.  E. 
Edition  1893;  p.  260. 
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this  implies  that  the  "  eflfective  stress  "  due  to  the  Moving  Load  will 
be  obtained  by  adding  a  "dynamic  increment"  equal  to  the  Moving- 
Load.  In  other  words,  the  Moving  Load  is  to  be  doubled  to  obtain 
its  equivalent  in  terms  of  Fixed  Load. 

For  main  booms  of  girders  of  100  ft.  si:)an  or  upward 

Max.  S  —  Min.  S 
c^=^ 2 ' 

this  implies  that  the  "  effective  stress  "  due  to  the  Moving  Load  will 
be  obtained  by  adding  a  "  dynamic  increment  "  equal  to  half  the  Mov- 
ing Load.  In  other  words,  the  Moving  Load  is  to  be  increased  by 
half  as  much  again  to  obtain  its  equivalent  in  terms  of  Fixed  Load. 

Bell-Robertson  Rule. — This  rule  was  proposed  by  Messrs.  J.  E.  Bell 
and  F.  E.  Robertson  as  an  improvement  to  the  Government  of  India 
rule  given  above;  the  object  being  to  obtain  a  simple  means  of  varying 
the  coefficient  according  to  the  nature  of  the  load. 

The  rule  is  as  follows: 

For  any  member  of  a  railway  bridge  of  wrou.ght  iron  or  steel,  the 
total  "working  load"  is  to  be  taken  as  the  greatest  "live  load" 
multiplied  by  a  coefficient  of  1.5  and  added  to  the  actual  "  dead  load," 
jjrovided  that  a  minimum  dead  load  equal  to  half  the  live  load  shall  be 
taken  into  calculation  wherever  the  actual  dead  load  is  less. 

Hence,  under  this  rule,  the  coefficient  would  be  2.0  for  the  condition 

of  All  Moving  Load,  and  woiild  decrease  as  the  relative  amount  of  Mov- 

T       n,  1  ^-1    ,^  XI  •    ,  Moving  Load  =  66.7   ,, 

mg  Load  became  less,  until  at  the  point  t,^ = ^ ^ .^^r^)  tlie  co- 

"^  '■  Fixed     Load  =  33.3 

efficient  would  become  1.5.     From  this  point  onward  there  would  be 

a  fixed  coefficient  of  1.5. 

This  rule  gives  a  good  approximation  to  the  results  as  obtained  by 

experiment,  and  is  at  the  same  time  simple  and  easy  of  application.  It 

is,   however,    not    a   uniformly    consistent   rule,    and,    if   represented 

graphically,  will  be  seen  to  be  made  up  of  two  curves  of  different  char- 

.^,  ^,    .    .   X  X.  XXI  .    ,  Moving  Load  =  66.7    „i 

acters,  with  their  intersections  at  the  point  =r. — ^-^ ^ t^tth-    -Lhere 

'■  Fixed     Load  =83.3 

is  thus  a  cusp  or  kink  in  the  line  at  this  point.      (See  Fig.  2.) 

Range  Coefficient. — With  a  coefficient  increasing  with  the  range  of 

stress  (directly  as  1  +  i2),  a  very  good  approximation  is  obtained.     On 

this  system  it  is  assumed  that  the  extra  effect  of  the  Moving  Load,  as 

compared  with  the  same  weight  as  Fixed  Load,  may,  for  practical  pur- 
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poses,  be  taken  as  the  nominal  Moving  Load  multiplied  by  R.     The 

coefficient  to  be  applied  to  the  Moving  Load,  to  obtain  its  equivalent 

in  terms  of  Fixed  Load,  will  then  be  1  +  i?.* 

The  iJractical  application  of  this  rule  is  extremely  simple,  as  the 

coefficient  for  any  compound  load  is  obtained  at  once  by  merely  adding 

1. 0  to  the  decimal  giving  the  proportion  of  Moving  Load  to  Total  Load. 

Example: 

Moving  Load  0.9  of  Total  Load. 

Then  coefficient  =  1.9. 

Moving  Load  0. 66  of  Total  Load. 

Then  coefficient  =  1.66. 

The  corresponding  formula  is : 

Safe  working  stress  in  tons  per  square  inch  =  7  X    ( ..       p.^  j 

In  Fig.  2,  for  the  coefficient,  this  system  is  represented  by  a  straight 
line  drawn  from  the  point  2.0  for  "All  Moving  Load,"  to  1.0  for  "All 
Fixed  Load." 

In  Fig.  3,  for  safe  working  stress,  the  curve  representing  this  sys- 
tem has  a  double  (or  reversed)  curvature.  It  will  be  seen  that  it  gives 
a  very  good  approximation  to  the  standard  curve  throughout. 

Launhardt's  Si/a/em. — Launhardt's  formula  is: 

f—n     Min.  S  \ 


a  =  u  (  1  + 


•  Max.  S  ' 

Avoiding  troublesome  fractions,  the  nearest  approximation  to  the 
results  for  total  eifect,  obtained  by  experiment,  will  be  found  by  assign- 
ing to  u  a  value  of  one  half  t.  For  wrotight  iron,  t  being  taken  as  21 
tons,  the  formula  would  then  become — 

Breaking  stress  in  tons  per  square  inch  =  10.5  X  (1+0); 
and  with  a  factor  of  safety  of  .3.0 — 

Safe  working  stress  in  tons  per  sqiiare  inch  ^  3.5  X  (1  +  0) 

It  is  to  be  noted  that  this  result  is  the  same  as  that  which  has  been 

arrived  at  in  America  by  an  entirely  indejaendent  course  of  reasoning, 

and  is  now  adopted  in  some  of  the  best  modern  American  specifications. 

Using  the  symbol  R  instead  of  (p,  the  formula  would  be  written  thus : 

Safe  working  stress  =  3.5  (2  —  R) 

=  7.0  —  3.5  R. 

*  As  a  peculiarity  incidental  to  this  system,  it  may  be  noted  that  for  any  Compound 
Load  in  which  Fixed  Load  -I-  Moving  Load  =  100,  the  equivalent  (or  effective)  Total  Load 

Fixed     Load  -^  20 
will  be  100  +  (10  RY.    For  example.  Moving  Load  =-  80  '  *^®°  ^  ^  ^■^'  ^^"^  ^^^  effective 
Total  Load  is  164. 
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The  use  of  this  formula,  with  the  values  adopted,  involves  the  fol- 
lowing assumptions: 

(a)  The  coefficient  to  be  applied  to  the  Moving  Load,  to  obtain  its 
equivalent  in  terms  of  Fixed  Load,  is  2.0  for  the  condition  of  "All 
Moving  Load."  diminishing  as  the  ratio  of  Moving  Load  to  Fixed  Load 
decreases,  until  it  becomes  1.5  for  the  condition  of  "  All  Fixed  Load." 
The  variation  in  the  value  of  the  coefficient  is  directly  in  the  ratio  of 
Total  Load  to  Fixed  plus  Total  Load.     (See  Fig.  2.) 

(b)  The  nominal  breaking  stress  varies  directly  as  the  ratio  of 
Fixed  Load  to  Total  Load.  Hence,  in  Fig.  3,  for  "nominal  "  safe 
working  stress,  this  system  is  represented  by  a  straight  line. 

This  formula  is  very  simple  in  apjjlication  and  has  the  advantage 
of  being  already  well  known  and  established  in  practice  in  America. 
It  will  also  be  seen  by  a  reference  to  Fig.  3  that  the  results  obtained 
on  this  system  give  a  fairly  good  approximation  to  the  results  obtained 
by  exjjeriment. 

It  will  be  observed,  however,  that,  being  a  straight  line  formula 
(see  Fig.  3),  it  is  impossible  by  any  adjustment  of  the  relative  values 
of  u  and  i  to  obtain  results  for  safe  working  stress  decreasing  in  a 
higher  ratio  as  the  jjercentage  of  Moving  Load  becomes  greater.  To 
give  such  results,  and  thereby  be  more  in  accord  with  the  facts  as 
indicated  by  experiment,  the  line  as  plotted  in  Fig.  3  should  bend 
upward,  i.  e.,  be  convex  as  viewed  from  the  top  of  the  diagram. 

Range  Formula. — It  being  established  that  the  breaking  stress  for  a 
bar  becomes  less  as  the  range  of  stress  increases,  it  is  evident  that  a 
useful  formula  may  be  constructed  under  which  the  breaking  stress 
for  a  comiJound  load  may  be  arriveel  at  by  means  of  an  exi^ression 
which  will  show  directly,  as  a  function  of  the  range,  the  amount  by 
which  the  static  breaking  stress  is  to  be  reduced.  On  the  system  now 
proposed,  therefore,  the  static  breaking  stress  will  be  the  standard  for 
comparison  in  all  cases,  and  the  lower  breaking  stress  for  any  com- 
pound load  will  be  ascertained  by  a  direct  subtraction  of  the  amount 
by  which  the  breaking  stress  is  reduced. 

Avoiding  troublesome  fractions  and  complicated  expressions,  it  is 

considered  that  for  wrought  iron,  with  a   static  breaking  stress  of  21 

tons  per  square  inch,  the  most  suitable  formula  for  general  use  would  be : 

Breaking    stress,    in    tons    per    square    inch,  =21  —  (12   X   B'); 

and  with  a  factor  of  safety  of  3: 


r 
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Safe  working  stress,  in  tons  per  square  inch,  =7  —  (4  x  Br) 

In  Fig.  2,  for  the  coefficient,  the  results  obtained  by  the  use  of  this 
formula  are  represented  by  a  line  extending  from  2.33  for  "  All  Mov- 
ing Load,"  to  1.00  for  "All  Fixed  Load." 

In  Fig.  3,  for  safe  working  stress,  it  will  be  observed  that  for  the 
lower  ratios  of  Moving  Load,  the  working  stress  which  would  be 
allowed  under  this  formula  is  somewhat  higher  than  that  given  by  the 
standard  curve.  The  greatest  percentage  of  difference  is  at  the  point 
Avhere  the  Moving  Load  is  about  half  the  Fixed  Load  —  here,  under 
the  formula,  the  permissible  working  stress  per  square  inch  would  be 
6.56  tons,  as  against  6.28  tons  indicated  as  suitable  by  the  results  of  ex- 
periment. The  line  represented  by  this  formula  crosses  the  standard 
curve  near  the  point  where  the  Moving  Load  is  about  double  the  Fixed 
Load;  and  thence  for  the  higher  ratios  of  Moving  Load  the  working 
stress  which  would  be  allowed  under  the  formula  is  lower  than  that 
indicated  by  the  experimental  results.  At  the  point  where  the  com- 
pound load  becomes  "All  Moving  Load,"  the  permissible  working 
stress,  as  given  by  the  formula,  is  3. 0  tons  per  square  inch. 

General  Summciry. — The  six  systems,  which  have  now  been  com- 
l^ared  and  discussed,  for  giving  apjiroximately  the  safe  working  stress 
for  wrought  iron,  are:* 

{a)  Actual  Experimental  Results: 

Safe  working  stress  obtained  by  use  of  table. 

{b)  Fixed  Coefficient: 

Safe  working  stress  in  tons  per  square  inch  =  7  X  (  ..         „   ) 

(c)  Bell- Robertson  Rule: 

No  single  formula  apijlicable. 

(d)  Range  Coefficient: 

Safe  working  stress  in  tons  per  square  inch  =  7  X  (  ^ 777^  ) 

(e)  LaunhardC s  System: 

Safe  working  stress  in  tons  per  square  inch  =7  —  (3.5  x  i2) 
(/)   Range  Formula: 

Safe  working  stress  in  tons  per  square  inch  =  7  —  (4  X   R') 

*  In  these  formulas  the  symbol  R  represents  the  proportionate  range  of  stress,  thus: 

Moving  Load  Range 

^  Fixed  Load  +  Moving  Load  ^    Total" 
The  "  Safe  Working  Stress  "  in  each  case  is  "  Nominal  Stress  "'  due  to  the  weight  of 
the  Moving  Load  and  P'ixed  Load  simply  added.     The  corresponding  "  Effective  Stress  '' 
obtained  by  the  use  of  these  formulas  is  7  tons  per  square  inch  throughout. 
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TABLE  No.  5. — Eesults  foe  the  Coefficient.     Wkought  Ikon. 


Effect  of 

Moving  Load— Percentage.    Compared  with  the  Effect 

.  Due  to  the  Same  Weight  Applied  as  Fixed  Load. 

Nature  of 

Compound  Load. 
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Svstem 
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2.0 
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5 

95 
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10 

90 
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190.91 
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15 

85 
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185.00 
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20 

80 

163.16 

200.00 

175.00 

180.00 

ia3.33 

172.07 

25 

75 

157.44 

200.00 

166.67 

175.00 

180.00 

163.16 

30 

70 

152.75 

200. OC 

157.14 

170.00 

176.92 

155.56 

33.3 

66.7 

150.30    ■ 

200.00 

150.00 

166.67 

175.00 

151.06 

35 

65 

149.07 

200.00 

1.50.00 

165.00 

174.07 

148.96 

40 

60 

145.93 

200.00 

150.00 

160.00 

171.43 

143.17 

45 

55 

143.31 

200.00 

150.00 

155.00 

168.96 

1.38.00 

50 

50 

140.90 

200.00 

150.00 

150.00 

166.67 

133.. 33 

55 

45 

138.70 

200.00 

150.00 

145.00 

164.51 

129.08 

60 

40 

136.63 

200.00 

150.00 

140.00 

162.50 

125.16 

65 

35 

1.34.71 

200.00 

150.00 

135.00 

160.60 

121.51 

66.7 

33.3 

134.13 

200.00 

150.00 

1.33.33 

160.00 

120.34 

70 

30 

132.94 

200.00 

150.00 

130.00 

158.82 

118.07 

75 

25 

131.28 

200.00  • 

150.00 

125.00 

157.14 

114.81 

80 

20 

129.73 

200.00 

150.00 

120.00 

155.56 

111.70 

85 

15 

128..36 

200.00 

150.00 

115.00 

154.05 

108.68 

90 

10 

127.13 

200.00 

150.00 

110.00 

152.63 

105.75 

95 

5 

126.02 

200.00 

150.00 

105.00 

151.27 

102.86 

100 

0 

125.00 

200.00 

150.00 

100.00 

150.00 

100.00 

It  will  be  observed  that,  of  these  systems,  each  has  some  advantage 
to  recommend  it,  and  that  in  the  selection  of  the  most  suitable  system 
for  general  use,  it  is  to  some  extent  a  question  of  how  far  it  may  be 
considered  advisable  to  sacrifice  simplicity  to  obtain  a  closer  approxi- 
mation to  the  results  obtained  by  experiment. 

For  convenience  of  comparison  the  results  which  would  be  obtained 
by  the  use  of  each  rule  or  formula  for  different  ratios  of  Fixed  Load  to 
Moving  Load  are  exhibited  in  the  following  tables: 
Table  No.  5. — Results  for  the  Coefficient. 
Table  No.  6. — Results  for  Safe  Working  Stress. 
Table  No.  7. — Percentage  Comparison. 

From  the  latter  table  can  be  ascertained  at  a  glance  the  practical 
effect  of  any  rule  or  formula  on  the  area  in  cross-section  of  a  member 
as  compared  with  the  area  which  would  be  indicated  as  the  result 
of  experiment. 
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TABLE  No.  6. — Eesults  for  Safe  Working  Stress.    Wrought  Iron. 


Safe  Working  Stress  with  Factor  of  Safety  = 

3.0. 

Tons  per  Square  Inch. 

Nature  op 

Compound  Load. 

Ratio 

Fixed 

Percentage. 

Results 
of  Experi- 

Coefficient 

2.0 

Bell- 
Robertson 
Rule. 

Range 
Coefficient. 

hardt's 
System. 
u  =  ^t 

Range 
Formula. 

ment  for 
Actual 
Total 

a  =  21 

a  =21 

a  =  21 

a  =  21 

Fixed 
Load. 

Moving 
Load. 

Effect. 

x(,    1    ) 

Vl  -j-  Ri) 

-(^10.5  X  r\ 

-(l2  X  i?2  ) 

0 

100 

3  50 

3  50 

3.50 
3.59 

3.50 
3.59 

3.00 
3  20 

2.5 

97.5 

3.22 

3154 

3.59 

5 

95 

3.61 

3.59 

3.68 

3.68 

3.67 

3!39 

10 

90 

4.06 

3.68 

3.89 

3.87 

3.85 

3.76 

15 

85 

4.38 

3.78 

4.12 

4.06 

4.02 

4  11 

20 

80 

4.65 

3.89 

4.38 

4.27 

4.20 

4  44 

25 

75 

4.89 

4.00 

4.67 

4.48 

4.37 

4  75 

30 

70 

5.11 

4.12 

5.00 

4.70 

4.55 

5  04 

33.3 

66.7 

5.24 

4.20 

5.25 

4.85 

4.67 

5  22 

35 

65 

5.31 

4.24 

5.28 

4.92 

4.72 

5.31 

40 

60 

5.49 

4.37 

5.38 

5.15 

4.90 

5.56 

45 

55 

5.65 

4.52 

5.49 

5.37 

5. or 

5.79 

50 

50 

5.81 

4.67 

5.60 

5.60 

5.25 

6.00 

55 

45 

5.96 

4.83 

5.71 

5.82 

5.42 

6  19 

60 

40 

6.11 

5.00 

5.83 

6.03 

5.60 

6.36 

65 

35 

6.24 

5.18 

5.96 

6.24 

5.77 

6.51 

66.7 

33.3 

6.28 

5.25 

6.00 

6.30 

5.83 

6.56 

70 

30 

6.37 

5.38 

6.09 

6.43 

5.95 

6.64 

75 

25 

6.49 

5.60 

6.22 

6.59 

6.12 

6.75 

80 

20 

6.61 

5.83 

6.36 

6.73 

6.30 

6.84 

85 

15 

6.71 

6.09 

6.51 

6.85 

6.47 

6.91 

90 

10 

6.82 

6.36 

6.67 

6.93 

6.65 

6.96 

95 

5 

6.91 

6.67 

6.83 

6.98 

6.82 

6.99 

100 

0 

7.00 

7.00 

7.00 

7.00 

7.00 

7.00 

The  results  are  also  exhibited  graphically  for  the  coefficient  in 
Fig.  2,  and  for  safe  working  stress  in  Fig.  3. 

With  reference  to  the  remarks  made  on  this  subject  when  dis- 
cussing the  fixed  coefficient  system,  it  will  be  observed  that  where 
the  ratio  of  Fixed  Load,  as  compared  with  Moving  Load,  is  high,  very 
great  differences  in  the  coefficient,  as  given  in  Table  No.  5,  have  but  a 
small  effect  on  the  practical  results,  as  given  in  Tables  Nos.  6  and  7. 

Approximate  Nature  of  Results.— It  is  to  be  remembered  that  the 
figures  here  quoted  as  "determined  by  experiment "  are  merely  the 
averages  of  a  large  number  of  results,  among  which  there  are  great 
discrepancies  ;  and  that  for  each  point  determined  the  maximum  and 
minimum  often  differ  widely  from  each  other.  Further,  that  in  deci- 
ding  where  to  place  the  average  value,  various  circumstances  must  be 
taken  into  account  and  allowed  due  weight ;  but  the  precise  amount 
of  correction  required  must  in  each  case  (within  certain  limits)  remain 
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TABLE  No.  7. — Pekcentage  Compaeison.     Weought  Ikon. 


Area  of 

Members  in 

Cross-Section.    Compared   with 

THE  Area 

Indicated  by  Experiment.    Percentage. 

Natl 

RE  OF 

ND  Load. 

CoMPor 

Laun- 
hardt's 
System. 

Ratio 
Percentage. 

Results 
of  Experi- 

Fixed 

CoeflScient 

2.0 

Range 
CoefiBcient. 

Range 
Formula. 

ment  for 
Actual 

Bell- 
Robertson 

Total 

a  =  21 

Rule. 

a  =  21 

a  —  21 

a  =  21 

Fixed 

Moving 
Load. 

Effect. 

>^(i  +  r) 

•Y     M 

-(l0.5  X  r') 

-(l2  X  R^  ) 

Load. 

Al  +R"-) 

0 

100 
97.5 

2.5 

100 

90.89 

89.74 

89.76 

89.79 

100.74 

5 

95 

100 

100.48 

97.89 

98.03 

98.14 

106.39 

10 

90 

100 

110.08 

104.28 

104.86 

105.33 

107.85 

15 

85 

100 

115.74 

106.35 

107.74 

108.79 

106.54 

20 

80 

100 

119.57 

106.29 

108.94 

110.72 

104.74 

25 

75 

100 

122.31 

104.84 

109.21 

111.83 

103.00 

30 

70 

100 

124.16 

102.25 

108.83 

112.36 

101.43 

33.3 

66.7 

100 

124.81 

99.87 

108.17 

112.33 

100.38 

35 

65 

100 

125.09 

100.46 

107.85 

112.32 

99.95 

40 

60 

100 

125.43 

101.91 

106.62 

111.99 

98.70 

45 

55 

100 

125.17 

102.97 

105.19 

111.40 

97.64 

50 

50 

100 

124.53 

103.78 

103.78 

110.70 

96.86 

55 

45 

100 

123.49 

104.33 

102.42 

109.89 

96.31 

60 

40 

100 

122.11 

104.66 

101.17 

109.02 

96.00 

65 

35 

100 

120.38 

104.77 

100.09 

108.08 

95.88 

66.7 

33.3 

100 

119.71 

104.78 

99.76 

107.74 

95.87 

70 

30 

100 

118.31 

104.66 

99.20 

107.07 

95.94 

75 

25 

100 

115.93 

104.34 

98.54 

106.00 

96.18 

80 

20 

100 

113.26 

103.83 

98.17 

104.87 

96.60 

85 

15 

100 

110.30 

103.11 

98.08 

103.70 

97.17 

90 

10 

100 

107.09 

102.23 

98.33 

102.48 

97.92 

96 

5 

100 

103.65 

101.18 

98.96 

101.25 

98.86 

100 

0 

100 

100.00 

100.00 

100.00 

100.00 

100.00 

a  matter  for  judgment  and  discretion.  In  the  interpretation  of  the 
results  of  Wohler's  experiments,  for  example,  it  will  be  seen  from 
Tables  Nos.  2  and  3  that  such  eminent  authorities  as  G-erber  and 
Lauuhardt  are  by  no  means  in  accord  as  to  the  value  of  the  coefficient 
where  the  ratio  of  Fixed  Load  is  high,  the  coefficient  for  wrought 
iron  for  the  condition  of  "All  Fixed  Load,"  according  to  Launhardt, 
being  one-seventh  greater  than  that  obtained  by  Gerber. 

On  this  subject  Weyrauch  remarks  as  follows  :  * 

"Considering  that  absolutely  exact  laws  for  constructive  materials 
will  certainly  never  result  from  experiments,  that  even  in  brands  of 
iron  acknowledged  to  be  good,  diifereuces  in  the  statical  breaking 
strength  t  of  as  much  as  4:0%  occur,  and  that  it  is  merely  a  question 
of  finding  a  sub.stitute  for  the  still  more  rough  and  incorrect  assump- 
tion of  a  constant  a,  even  the  preceding  might  suffice  for  practical 
purposes  until  more  facts  are  accumulated. 


*Min.  Proc.  Inst.  C.  E.,  1880-81,  Vol.  Ixiii,  pp.  283  and  283. 
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"Even  for  more  exact  deteranuations  than  those  under  considera- 
tion such  an  api^roximation  ought  to  be  considered  satisfactory.  To 
the  author's  mind  it  would  appear  sufficient  if  the  deviations  of  the 
real  values  of  a  from  those  given  by  the  formula  did  not  exceed  the 
deviations  from  one  another  of  real  values  of  a  in  good  and  commonly 
used  materials." 

If,  therefore,  by  means  of  a  simple  rule  or  easily  applied  formula  a 
fairly  good  approximation  be  obtained  to  the  figures  representing  the 
result  of  experiment,  it  will  evidently  not  be  worth  while  to  adopt  a 
more  complicated  or  troublesome  system  in  order  to  secure  a  very 
close  api^roximation  to  a  line,  the  correct  position  of  which  (within 
certain  limits)  is  after  all  a  matter  of  some  uncertainty. 

Tlte  Selection  of  a  System. — In  the  immediate  effect,  as  determined  by 
experiments,  it  is  to  be  noted  that  the  only  effects  allowed  for  are 
those  which  produce  a  measurable  elongation  or  shortening  of  a  bar 
or  deflection  of  a  beam,  and  the  effect  of  the  violent  concussion  or 
vibration,  with  which  the  application  of  the  load  is  accompanied,  is 
not  taken  into  account. 

It  appears  reasonable,  however,  to  suppose  that  where  the  applica- 
tion of  a  load  is  accompanied  by  violent  jarring  or  shock,  there  must 
be  an  effect  on  the  bar  more  severe  than  that  indicated  by  the  mere 
temporary  elongation,  shortening  or  deflection.*  The  effect  of  jarring 
and  vibration  would  be  most  severe  with  members  (such  as  cross- 
girders  and  rail- bearers)  which  are  exposed  more  immediately  to  the 
action  of  the  locomotive,  and  generally  with  members  for  which  the 
ratio  of  Moving  Load  is  high  as  compared  with  Fixed  Load.  Hence, 
in  making  allowance  for  the  effect  of  shocks  and  violent  jarring  and 
vibration,  it  will  be  jaroper  to  arrange  that  the  allowance  shall  in- 
crease as  the  ratio  of  Moving  Load  to  Total  Load  becomes  greater,  or, 
in  other  words,  as  the  value  of  R  becomes  higher. 

*  In  this  connection  the  following  illustrations  are  offered  for  consideration  : — 

Let  two  precisely  similar  bars  be  subjected  to  repeated  deflections,  equal  in  extent, 
involving  stress  beyond  the  elastic  limit.  Let  the  deflections  of  the  first  bar  be  produced 
by  steady  pressure  applied  and  removed.  Let  the  deflections  (equal  in  extent)  of  the 
second  bar  be  produced  by  successive  blows  of  a  hammer.  It  would  be  expected  that 
the  number  of  deflections  before  breaking  would  be  less  in  the  second  case  than  in  the 
first. 

Again— Let  a  glass  tube  be  supported  in  a  vertical  position,  and  closed  at  the  lower 
end.  Into  this  tube  let  a  certain  quantity  of  dry  angular  sand,  not  sufficient  to  fiU  the 
tube,  be  poured  in  quietly.  Having  naarked  on  the  tube  the  height  occupied  by  the 
sand,  let  the  sand  be  emptied  out  and  again  poured  in  as  before.  This  second  time,  how- 
ever, let  the  tube  be  violently  jarred  and  shaken  as  the  sand  falls  into  it.  In  the  second 
case,  the  sand  will  not  stand  at  so  great  a  height  in  the  tube  as  in  the  first  case. 

Again— Let  a  bar  of  steel  be  placed  with  its  axis  pointing  to  the  magnetic  pole,  and 
be  left  undisturbed.  In  the  course  of  a  few  years  it  will  have  become  to  some  extent 
magnetic.  The  same  bar  in  that  position  if  violently  jarred  by  the  blows  of  a  hammer 
would  have  become  equally  magnetic  in  the  course  of  a  few  minutes. 
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TABLE  No.  8.  — Results  fob  Wrought  Iron.     Obtained   by  use   of 
Eange  Formula.     Breaking  Stress  =  21  —  (12   x   -R'^)- 


Nature 

OF  COM- 

Breaking  Stress  for  the  Com- 
pound (NOMINAL)  Load. 
Tons  per  Square  Inch. 

Permissible  Work- 
ing Stress. 

POUND 

LOAD. 
ICENTAGE. 

Coefficient 
to  obtain 

Ratio  Pei 

Apportionment  of  the 
Breaking  Stress. 

equivalent 
or  Moving 

Factor  of  Safety  =  3. 

Load  in 

For  the 

terms  of 

Total 

Fixed 

Nominal 

Effective 

Fixed 
Load. 

Moving 
Load. 

Load. 

Due  to 

Due  to 

Load. 

Stress. 

Stress. 

Fixed 
Load. 

Moving 
Load. 

Tons  per 
Square 

Tons  per 

Square 

Inch. 

Inch. 

0 

100 

9.0003 

0.0000 

9.0000 

2.33.33 

3.0000 

7.00 

2.5 

97.5 

9.5928 

0.2398 

9.3530 

2.2196 

3.1976 

7.00 

5 

95 

10.1700 

0.5085 

9.6615 

2.1209 

3.3900 

7.00 

10 

90 

11.2800 

1.1380 

10.1520 

1.9574 

3.7600 

7.00 

15 

85 

12.3300 

1.8495 

10.4805 

1.8273 

4.1100 

7.00 

20 

80 

13.3200 

2.6640 

10.6560 

1.7207 

4.4400 

7.00 

25 

75 

14.2500 

3.5635 

10.6875 

1.6316 

4.7.500 

7.00 

30 

70 

15.1200 

4.5360 

10.5840 

1.5556 

5.0400 

7.00 

33.3 

66.7 

15.6672 

5.2234 

10.4448 

1.5106 

5.2224 

7.00 

35 

65 

15.9300 

5.5755 

10.. 3545 

1.4896 

5.3100 

7.00 

40 

60 

16.6800 

6.6720 

10.0080 

1.4317 

5.5600 

7.00 

45 

55 

17.3700 

7.8165 

9.. 5535 

1 .3800 

5.7900 

7.00 

50 

50 

18.0000 

9.0000 

9.0000 

1.3333 

6.0000 

7.00 

55 

45 

18.5700 

10.2135 

8.3.565 

1.2908 

6.1900 

7.00 

60 

40 

19.0800 

11.4480 

7.6320 

1.2516 

6.3600 

7.00 

65 

35 

19.5300 

12.6945 

6.8355 

1.3151 

6.5100 

7.00 

66.7 

33.3 

19.6668 

13.1112 

6.5556 

1.2034 

6.5556 

7.00 

70 

80 

19.9200 

13.9440 

5.9760 

1.1807 

6.6400 

7.00 

75 

35 

30.2500 

15.1875 

5.0635 

1.1481 

6.7500 

7.00 

80 

20 

20.5200 

16.4160 

4.1040 

1.1170 

6.8400 

7.00 

85 

15 

30.7300 

17.6205 

3.1095 

1.0868 

6.9100 

7.00 

90 

10 

20.8800 

18.7930 

3.0880 

1.0575 

6.9600 

7.00 

95 

5 

30.9700 

19.9215 

1.0485 

1.0286 

6.9900 

7.00 

100 

0 

21.0000 

31.0000 

0.0000 

1.0000 

7.0000 

7.00 

On  the  otlier  hand,  of  the  irregular  or  abnormal  effects  to  be  cov- 
ered by  the  factor  of  safety,  it  will  be  observed  that  many  of  these 
causes  of  extra  unit  stress  would  have  but  little  effect  on  a  large  and 
massive  member  on  which  the  ratio  of  Fixed  Load  is  high  as  com- 
pared with  Moving  Load;  and  it  would  therefore  appear  proper  to 
allow  a  somewhat  higher  effective  stress*  as  the  ratio  of  Moving 
Load  to  Total  Load  becomes  less,  or,  in  other  words,  as  the  value  of 
E  becomes  lower. 

Range    Formula    Recommended. — These    results    are    attained    for 

wrought  iron  by  the  use  of  the  range  formula: 

Safe  working  stress  in  tons  per  square  inch  ^H  —  (4  X  R^)- 

*  Effective  stress  means  the  actual  working  stress  to  which  the  material  is  sub- 
jected, on  the  assumption  that  the  coefficient  adopted  correctly  represents  the  real 
effects  of  Moving  Load  as  compared  with  that  of  the  same  weight  as  Fixed  Load.  In 
other  words,  "  Effeciive  Stress  "  means  the  stress  due  to  the  Fixed  Load  added  to  that 
due  to  the  equivalent  of  the  Moving  Load  in  terms  of  Fixed  Load. 


500  STONE  ON  WORKING  STRESS  FOR  RAILWAY  BRIDGES. 

With  this  formula  it  will  be  seen,  by  an  inspection  of  Table  No.  6 
and  of  Fig.  3,  that,  as  compared  with  the  actual  results  of  exijeriment, 
a  somewhat  higher  effective  stress  would  be  allowed  on  the  more 
massive  parts  of  a  large  bridge  truss  where  the  irregular  and  abnormal 
effects  would  be  least,  and  where  economy  of  material  may  most  prof- 
itably be  exercised.  On  the  other  hand,  with  the  lighter  members  of  a 
truss  (where  the  ratio  of  Moving  Load  is  high  as  comjiared  with  Fixed 
Load,  and  where  the  irregular  and  abnormal  effects  would  be  most 
severely  felt),  the  effective  stress  allowed  would  be  somewhat  lower 
than  that  deduced  from  the  results  of  experiment. 

The  general  results  for  wrought  iron,  obtained  by  the  use  of  this 
formula,  are  exhibited  in  Table  No.  8. 

Eesults  fok  Steel. 

It  will  be  observed  that  the  value  of  v,  as  determined  by  Wohler's 
exijeriments  for  steel,  is  but  little  greater  than  1 1,  instead  of  f  t,  the 
value  obtained  for  wrought  iron.  The  result  is  that  the  correspond- 
ing breaking  stress,  in  the  case  of  "  All  Moving  Load,"  as  deduced  from 
these  experiments,  would  be  but  little  greater  for  steel  than  for  wrought 
iron,  although  in  the  case  "All  Fixed  Load  "  the  breaking  stress  per 
unit  of  area  for  steel  is  one-third  higher.  This  result  would  be  some- 
what unsatisfactory  to  bridge  engineers,  as,  if  acted  upon,  it  would  have 
the  effect  of  requiring  the  area  of  a  member  subjected  to  a  high  ratio 
of  moving  load  to  be  nearly  as  great  with  steel  as  with  iron.* 

It  is  to  be  noted,  however,  that  much  of  the  steel  used  in  Wohler's 
experiments  was  made  about  forty  years  ago.f  The  elastic  limit  of 
steel  as  now  commonly  used  in  bridge-building  is  probably  higher,  and 
there  is  no  difficulty  in  obtaining  a  material  having  an  elastic  limit  as 
high  as  two  thirds  the  ultimate  static  breaking  stress. 

Hence  it  would  appear  that  for  the  quality  of  mild  steel,  as  now 
used  for  the  construction  of  railway  bridges,  if  the  ultimate  breaking 
stress  i^er  square  inch  be  taken  as  27  tons,  the  elastic  limit  may,  for 
practical  purposes,   be  taken  as  high  as  18  tons.     The  rule  for  safe 

*  If  the  imniediate  effect  of  Moving  Load  be  neglected,  it  would  appear  from  the  re- 
sults of  Wohler's  experiments  that,  under  the  condition  of  "All  Moving  Load,"  the 
breaking  stress  for  steel  might  actually  be  less  than  that  deduced  for  wrought  iron,  thus: 

For  wrought  iron u  ^  %t  and  f  =-  21 

For  steel u  =  ^t  and  t  --^27 

The  breaking  stress  for  "All  Moving  Load  '"  corresponding  to  these  conditions  would 
be,  per  square  inch: 

Wrought  iron 14.00  tons 

Steel 1.3.50  tons 

t  Wbhler"s  experiments  were  carried  on  for  twelve  years,  from  1859  to  1870. 
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working  stress  may  then  be  based  on  a  value  of  u  equal  to  |  /*  and  the 
rule  for  steel  may  then  take  the  same  general  form  as  that  found  suit- 
able for  wrought  iron. 

On  these  considerations  the  formula  recommended  for  steel  is: 

Safe  working  stress  in  tons  per  square  inch  =  9  —  (5  X  R') ; 
corresponding  with  that  proposed  for  wrought  iron.f 

The  general  results  for  steel,  obtained  by  the  use  of  this  formula,  are 
exhibited  in  Table  No.  9. 


TABLE  No.    9. — Results  fok   Steel.     Obtained   by  use  of    Range 
FoKMUiiA.     Breaking  Stress  =  27  —  (15  x  R^). 


Breaking 

Stress  for  the  Com- 

POUND 

(NOMINAL) 

Load. 

Permissible  Work- 

Nature of  Com- 

Tons 

PER  Square  Inch. 

ing  Stress. 

pound 

Load, 
icentage. 

Coefficient 
to  Obtain 

Ratio  Pei 

Apportionment  of  the 

Equivalent 

Breaking  Stress. 

of  Moving 

Factor  of  Saiety  =  6. 

For  the 

Load  in 
Terms  of 

Total 

Fixed 

Nominal 

Effective 

Fixed 
Lo^d. 

Moving 
Lo^d. 

Load. 

Due  to 
Fixed 

Due  to 
Moving 

Load. 

Stress. 
Tons  per 

Stress. 
Tons  per 

Load. 

Load. 

Square 

Square 

Inch. 

Inch. 

0 

100 

12.0000 

0.0000 

12  OOOO 

2.2500 

4.0000 

9.00 

2.5 

97.5 

12.7410 

0.3185 

12.4225 

2.1478 

4.2470 

9.00 

5 

95 

13.4625 

0.6731 

12.7H94 

2.0585 

4.4875 

9.00 

10 

90 

14.8500 

1.4850 

13.3650 

1.9091 

4.9500 

9.00 

15 

85 

16.1625 

2.4244 

13.73«1 

1.7889 

5.3875 

9.00 

20 

80 

17.4000 

3.4800 

13  9200 

1.6897 

5.8000 

9.00 

25 

75 

18.5625 

4.6406 

13.9219 

1.6061 

6.1875 

9.00 

30 

70 

19.6500 

5.8950 

13.7550 

1.5344 

6.5500 

9.00 

33.3 

66.7 

20.3333 

6.7778 

13.5555 

1.4918 

6.7778 

9.00 

35 

65 

20.6625 

7.2319 

13.4306 

1.4719 

6.8875 

9.00 

40 

60 

21.60(JO 

8.6400 

12.9600 

1.4167 

7.2000 

9.00 

45 

55 

22.4625 

10.1081 

12.3544 

1-3673 

7.4875 

9.00 

50 

50 

23.2600 

11.6250 

11.6250 

1.3226 

7.7500 

9.00 

55 

45 

23.9625 

13.1794 

10.7831 

1.2817 

7.9875 

9.00 

60 

40 

24.6000 

14.7600 

9.8400 

1.2439 

8.2000 

9.00 

65 

35 

25.1625 

16.3556 

8.8069 

1.2086 

8.3875 

9.00 

66.7 

33.3 

25.3333 

16.8889 

8.4444 

1.1974 

8.4444 

9.00 

70 

3) 

25.6500 

17.9550 

7.6950 

1.1754 

8.5500 

9.00 

75 

25 

26.0625 

19.5469 

6.5156 

1.1439 

8.6875 

9.00 

80 

20 

26.4000 

21.1200 

5.2800 

1.1136 

8.8000 

9.00 

85 

15 

26.6625 

22.6631 

3.9994 

1.0844 

8.8875 

9.00 

90 

10 

26.8500 

24,1650 

2.6850 

1.0559 

8.9500 

9.00 

95 

5 

26.9625 

25.6144 

1.3481 

1.0278 

8.9875 

9.00 

100 

0 

27.0U00 

27.0000 

0.0000 

1.0000 

9.0000 

9.00 

*  For  steel  having  a  higher  static  breaking  stress  per  square  inch  than  27  tons,  the 
elastic  limit  would  no  doubt  bear  a  lower  ratio  to  the  ultimate  breaking  stress  than  2  :  3. 
But  in  such  case  the  elastic  Umit  would  merely  be  lower  relatively,  not  lower  absolutely. 
A  rule  based  on  a  breaking  stress  per  square  inch,  of  18  tons  for  "  All  Moving  Load,'' 
ranging  to  27  tons  for  "All  Fixed  Load,"  wotdd  clearly  not  be  less  safe  for  a  material,  the 
bi"eaking  stress  for  which  might  range  up  to  (say)  36  tons  for  "  All  Fixed  Load."  Some 
of  the  steel  used  in  Wohler's  experiments  showed  a  static  breaking  stress  of  more  than  50 
tens  per  square  inch. 

t  In  this  formula  the  symbol  R  represents  ths  proportionate  range  of  stress,  thus: 
Moving  Load  Range 

xt  = 


Fixed  Load  +  Moving  Load       Total. 
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EuLE  Proposed  foe  Adoption. 

For  the  determination  of  the  Safe  Working  Stress  on  any  member 
of  a  bridge  truss  the  following  rule  is  proj^osed. 

1.  The  Safe  Working  Stress  for  any  member  of  a  bridge  truss  is  to 
be  calculated  by  the  following  formulas: 

Wrought  Iron — 

Tons  per  square  inch. 

Safe  Working  Stress  =  7  —  (4  x  i?-) . 
Steel — 

Tons  per  square  inch. 
Safe  Working  Stress  =  9  —  (5  x  i?"). 

2.  In  these  formulas — 
Range  of  Stress 


R  = 


Total  Stress. 


N.  B. — The  Range  of  Stress  is  to  be  taken  as  the  difference 
between  the  lowest  and  the  highest  stress  to  which  the  bar  is 
subjected.* 

The  Residual  Fixed  Load  Stress  is  the  balance  of  the  Fixed  Load 
Stress  which  remains  unaffected  by  the  application  of  the  Moving 
Load,  and  which  is  therefore  not  subject  to  alternation. 

The  Total  Stress  is  to  be  taken  as  the  Residual  Fixed  Load  Stress 
added  to  the  Range  of  Stress. f 

3.  For  a  member  subject  to  compression  the  area  determined  under 
Rule  1  is  to  be  increased  as  may  be  necessary  by  the  use  of  cohimn 
formula. 

4.  For  a  member  subject  to  a  Range  of  Stress,  j^artly  in  compres- 
sion and  partly  in  tension,  the  area  required  for  the  compression  stress 
is  to  be  ascertained  under  Rule  3,  and  the  area  required  for  compound 
stress  is  to  be  ascertained  under  Rule  1.  The  greater  of  the  two  areas 
thus  found  is  to  be  adopted. 

*  Hence,  to  obtain  the  Range  of  Stress,  if  these  two  extreme  stresses  be  of  the  same 
sign  {i.  e.,  both  tension  or  both  compression)  the  less  is  to  be  subtracted  from  the 
greater;  if  the  two  extreme  stresses  be  of  opposite  signs  («.  e.,  one  tension  and  the  other 
compression)  they  are  to  be  added. 

t  Hence,  for  cases  where  the  range  is  between  two  stresses  of  the  same  sign  (?.  e. 
both  compression  or  both  tension)  the  Total  Stress  will  be  simply  the  initial  Fixed  Load 
Stress  added  to  the  greatest  Moving  Load  Stress. 

Where  the  range  is  between  two  stresses  of  opposite  signs  (/.  e.,  one  compression 
and  the  other  tension)  the  Residual  Fixed  Load  becomes  nothing,  and  the  Total  Stress 
is  equal  to  the  Range  of  Stress;  the  condition  being  that  ot  All  Moving  Load. 
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COBRESPONDENCE. 


Henky  S.  Prichakd,  M.  Am.  Soc.  C.  E. — The  writer  has  taken  a  Mr.  Prichard. 
special  interest  in  this  paper  for  the  reason  that  in  the  specification  he 
prepared  for  the  use  of  the  engineering  department  of  the  New  Jersey 
Steel  and  Iron  Company,  as  revised  in  1895,  a  system  of  equating  the 
comparative  efi'ect  of  moving  and  fixed  loads  is  given,  which  is  identi- 
cal with  the  system  termed  "range  coefficient"  in  the  j)aper.  The 
system  as  given  in  the  specifications  referred  to  is  as  follows: 

' '  To  jarovide  for  impact  and  vibration  an  amount  is  to  be  added 
to  the  strains  in  each  member  in  accordance  with  the  following 
formulas : 

"/=  the  amount  to  be  added  for  impact  and  vibration. 

"  L  =  the  combined  strains  from  live  load  and  centrifugal  force. 

"  D  =  the  dead  load  strain. 

"For  swing  bridges  and  other  movable  structures,  while  in  motion 
only,  /=0.25i>. 

' '  For  counter  strains  /  =  L. 

"For  floor  beam  hangers  and  the  riveted  connections  of  the  floor 
system  7=  1.25  i. 

"For  all  other  cases  J=  L  7~~rT.-" 

The  writer  derived  this  system  by  starting  with  Launliardt's 
formula  and  afterward  modifying  it  to  accord  with  the  results  of  a 
study  of  all  data,  bearing  on  the  subject,  which  were  readily  available. 
These  data,  however,  did  not  include  the  valuable  observations  of  the 
deflections  of  the  bridges  of  India. 

The  independent  derivation  of  this  system  by  the  author  and  the 
writer  is  a  curious  coincidence. 

The  su.bject  of  the  paper  involves  two  questions,  one  of  fact  and  the 
other  of  method: 

First. — What  is  the  relative  efi'ect  on  a  bridge  member  of  the  mov- 
ing and  fixed  loads  as  compared  with  the  sectional  areas  required? 

Second. — What  is  the  most  practicable  method  of  proportioning  the 
member  after  the  relative  efi'ect  of  the  moving  and  fixed  loads  has  been 
determined  ? 

In  discussing  the  first  question,  the  author  points  out  very  clearly 
that  a  moving  load  causes  a  greater  stress  than  a  fixed  load  of  equal 
magnitude,  and  that  the  repeated  application  and  removal  of  the  mov- 
ing load  makes  the  resulting  stress  produce  a  greater  destructive  efi'ect 
than  an  equal  amount  of  stress  from  a  fixed  load.  He  terms  the  stress 
caused  by  the  moving  load  "  the  immediate  effect,"  and  obtains  it  by 
deductions  from  observations  of  deflections  of  bridges  on  the  railways 
of  India.  He  terms  the  result  of  repeated  stresses  the  "cumulative 
effect,"  and  obtains  it  by  using  a  mean  between  Gerber's  and  Laun- 
hardt's  deductions  from  Wohler's  experiments.     Launhardt's  formula 
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Mr.  Prichard.  in  a  modified  form  has  been  and  is  at  present  extensively  used  in 
America  for  proportioning  bridges. 

The  modification  consists  in  assuming  that  the  dynamic  effect,  of 
which  Launhardt's  formula  is  sujiposed  to  take  no  account,  is  similar 
to  that  of  rej)eated  apj^lications  of  the  load  without  impact,  and  in 
further  assuming  that  the  greatest  load  which  a  bar  can  stand  when 
ai^plied  an  indefinite  number  of  times,  with  an  impact,  such  as  is 
usual  on  railroad  bridges,  will  be  one-half  the  greatest  fixed  load.  In 
Launhardt's  formula,  when  applied  to  wrought  iron,  this  allowed  re- 
peated load  is  two-thirds  the  allowed  fixed  load.  The  author,  by  col- 
lating the  results  of  the  observations  of  the  deflections  of  the  bridges 
on  the  railways  of  India,  and  deducing  therefrom  the  average  increase 
in  the  stresses  from  moving  loads,  has  given  something  definite,  in 
place  of  the  arbitrary  assumptions  just  referred  to.  This  portion  of 
the  author's  work  has  a  great  value,  entirely  separate  from  his  subse- 
quent combination  of  the  results  obtained  with  those  of  Wohler's 
experiments. 

This  subsequent  combination  is  made  in  a  very  logical  way,  and,  if 
the  results  of  Wohler's  experiments  are  strictly  applicable  to  bridges, 
it  is  a  rational  one  to  make. 

It  was  formerly,  and  is  to  some  extent  now,  sui^posed  that  the 
seeming  weakness  of  the  metal  from  repeated  stresses,  as  shown  by 
Wohler's  experiments,  was  due  to  a  general  deterioration  of  the  metal. 

Professor  Fidler  contends  that  the  seeming  weakness  can  be  ac- 
counted for  by  an  increase  in  the  stress  from  the  dynamic  action  of 
the  load. 

Another  theory  is  that  there  is  no  general  deterioration,  but  that 
some  of  the  numerous  defects,  or  micro-flaws,  gradually  extend  their 
weakening  influence  in  an  irregular  plane  of  cross-section  which  ulti- 
mately becomes  the  plane  of  rupture,  while  the  metal  immediately 
adjacent  to  this  plane  remains,  perhaps,  wholly  uninjured.* 

It  is  probable  that  there  is  a  weakening  from  rej^eated  stresses  in 
bridge  members  as  well  as  increased  stresses  from  the  dynamic  action 
of  the  moving  load,  but  it  is  also  probable  that  the  degree  of  the 
weakening  is  less  in  them,  as  considerable  intervals  of  rest  occur 
between  the  passages  of  trains,  than  it  was  in  Wohler's  exi^eriments, 
where  there  were  no  such  intervals  of  rest. 

Experiments  mentioned  by  Lord  Kelvin  f  show  that  an  elastic 
vibrator  kept  vibrating  for  several  days  through  a  certain  range, 
comes  to  rest  much  quicker  when  left  to  itself  than  when  set  in  vibra- 
tion after  having  been  at  rest  for  several  days,  and  then  immediately 
left  to  itself. 

Further,  it  is  a  matter  of  common  experience  that  metal  stretched 
beyond  the  elastic  limit  regains  its  elasticity  after  a  rest. 

*  "The  Materials  of  Construction,"  J.  B.  Johnson,  M.  Am.  Soc.  C.  E.,  p.  537. 
t "  Elasticity,"  Encyclopedia  Britannica. 
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It   seems   probable,   therefore,  that,  as    regards    tlie   influence   of  Mr.  Prichard. 
repeated  stresses,  the  effect  of  the  moving  load  has  been  overestima- 
ted by  the  author.     On  the  other  hand,  it  is  probable  that  he  has 
underestimated  the  dynamic  effect,  for  which   provision  should    be 
made  because  he  has  dealt  with  averages. 

The  dynamic  effect  will  vary  greatly  under  different  conditions, 
such  as  speed,  condition  of  roadway,  conditions  of  rolling  stock,  etc. 

A  structure  should  be  designed  for  the  greatest  dynamic  effect  to 
which  the  class  of  strvictures  to  which  it  belongs  may  be  liable,  and 
not  merely  for  the  average,  though,  of  course,  the  interval  between 
maximums  must  also  be  considered  in  deciding  upon  unit  stresses. 

One  example  of  the  foregoing  laroijosition  should  be  especially 
considered.  It  is  known  that  when  there  is,  from  any  cause,  a  coinci- 
dence between  the  periods  of  the  dynamic  blows  from  the  load  and 
the  vibration  of  a  bridge,  there  will  be  accumulative  vibration  and 
increased  stresses  therefrom,  in  some  cases  the  increase  being  consid- 
erable. * 

It  is  probable  that  for  a  large  proportion  of  railroad  bridges  accu- 
mulative vibration  either  does  not  occur  or  is  quite  small,  and  that 
for  the  remainder  it  only  occurs  occasionally.  Such  being  the  case, 
its  average  effect  for  a  large  number  of  bridges  would  be  quite  small 
as  compared  with  its  effect  on  a  particular  bridge. 

In  the  present  state  of  knowledge,  it  can  hardly  be  said  in  advance 
that  any  particular  bridge  will  be  free  from  severe  accumulative  vibra- 
tion ;  hence,  to  be  on  the  side  of  safety,  all  bridges  should  be  designed 
for  the  effect  of  severe  accumulative  vibration,  even  though  compara- 
tively few  are  affected,  and  the  average  effect  small  ;  but  it  may  be 
admissible  to  use  larger  unit  stresses  than  should  be  used  if  severe 
accumulative  vibrations  were  certain  to  occur  at  frequent  intervals. 

The  results  which  the  author  obtains,  and  which  he  terms  the 
"results  of  experiments,"  are  not  quite  in  accord  with  his  judgment 
when  he  recommends  a  system  termed  "range  formula,"  differing 
somewhat  therefrom,  and  points  out  its  comparative  advantages.  The 
writer  jarefers  the  system  of  "range  coefficients"  to  that  of  range 
formula. 

Before  discussing  the  relative  merits  of  the  different  systems, 
it  should  be  pointed  out  that  for  many  bridge  members  not  subject  to 
alternate  stresses,  the  minimum  stress  is  not  the  stress  from  the  fixed 
load  alone,  but  this  stress  minus  a  counter-stress  from  the  moving 
load.  In  applying  the  modified  Launhardt  formula,  many  designers 
have  used  the  stress  from  fixed  load  in  place  of  the  minimum.  On 
this  account  the  Pennsylvania  Eailroad  Company  has  added  a  note  of 
warning  in  its  specifications. 

It  does  not  appear  from  the  paper  what  the  author's  views  are  re- 

*  "  Vibration  of  Bridges,"  S.  W.  Robinson,  M.  Am.  Soc.  C.  E.,  Transactions,  Am. 
Soc.  C.  E.,  Vol.  xvi,  p.  42. 
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Mr.  Prichard.  garding  such  members.  The  writer  advisedly  uses  the  fixed  load 
stress  without  distinction,  both  when  it  is  and  when  it  is  not  the  min- 
imum, in  the  formula  given  in  his  sjDecifications;  and  in  his  subsequent 
discussion  of  the  range  coefficient  system,  to  which  his  formula  cor- 
responds, this  system  must  be  understood  as  based  on  such  use  of  the 
fixed  load  stress. 

The  deflections  on  whose  averages  the  author  bases  his  "  immediate 
effect  "  curve  (Fig.  1),  would  naturally,  for  the  great  majority  of  cases, 
be  observed  for  the  span  fully  loaded.  When  a  span  is  fully  loaded, 
the  i^roportion  of  fixed  load  stress  to  moving  load  stress  is  nearly  the 
same  for  all  the  members,  and  is  nearly  the  same  as  the  proportion  of 
fixed  to  moving  load.  For  those  members,  therefore,  which  attain 
their  maximum  stresses  when  the  span  is  fully  loaded,  which  for  a 
span  simply  supported  are  the  chords  and  end  posts,  the  immediate 
effect  obtained  would  seem  to  api^ly  as  an  average.     It  can  be  noted 

from  Figs.  1  and  2  that  at  about  -. —  =  --v  the  curves  of  immedi- 

moving        92 

ate  effect  and  total  effect,  termed  by  the  author  "standard  curves," 

change  their  direction  very  suddenly,  and  that  the  only  system  that 

even  approximately  follows  this  change  below  this  point  is  the  range 

formula  system,  so  that  for  those  members  whose  maximum  stress 

occurs  when  the  span  is  fully  loaded,  the  other  systems  ought  not  to 

be  used  if  — '—. —  is  much  less  than  — — -. 
moving  92 

Using  the  Pennsylvania  Railroad  Company's  specifications  as  a 
criterion,  this  would  mean  that  the  other  systems  should  not  be  used 
for  spans  much  less  than  12  ft.  As  12  ft.  is  a  very  short  sjian,  even  for 
a  stringer,  the  other  systems  would  not  often  be  ruled  out  on  this  ac- 
count, and  where  they  are  specified  the  i:)oint  can  readily  be  covered 
by  a  qualifying  clause. 

The  effect  of  accumulative  vibration  is   occasionally  so  great  for 

truss  spans,  even  of  considerable  length,  that  it  seems  to  the  writer, 

fixed 
that  for  moderate  and  moderatelv  large  values  of  — '—. — ,  the  stand- 
moving 

ard  curve,  the  range  formula  and  the  Bell-Robertson  rule  all  give  re- 
sults which  are  too  small.  On  the  other  hand,  the  fixed  coefficient 
system  and  the  modified  Launhardt  formula  (referred  toby  the  author 
as  Launhardt's  system)  give  results  which  seem  unnecessarily  high. 
The  range  coefficient  system  seems  to  be  the  best  of  any  discussed. 

fixed 

For  very  large  values  of -. —   the   results  of    the    standard  curve 

moving 

are  probably  too  great,  because  for  large  values  the  dynamic  effect, 
which  is  probably  underestimated,  is  small  as  compared  with  the  sup- 
posed weakening  effect  of  repeated  stresses,  which  is  probably  over- 
estimated. 
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An  examination  of  Fig.  3,  Table  No.  6,  shows  that  for  large  values  Mr.  Prichard. 

of -. — ,  say,  for  -ttt   and  greater,  the  unit  stress  allowed  by  the 

moving  33 

range   coefficient   system    is    slightly   greater  than  by   the   standard 

curve,  that  allowed  by  the  range  formula  system  is  slightly  greater 

than  by  the  range  coefficient  system,  and  those  allowed  by  the  other 

systems  are  less  than  by  the  standard  curve. 

The  writer  believes  that  the  unit  stresses  prescribed  by  the  other 
systems  are  lower  than  the  facts  seem  to  justify.  He  prefers  the  unit 
stress  allowed  by  the  range  coefficient  system,  however,  to  the  some- 
what higher  unit  stress  allowed  by  the  range  formula  system. 

The  immediate  effect  of  the  moving  load  will  vary  with  the  sudden- 
ness with  which  it  is  applied,  the  impact  with  which  it  strikes  the 
bridge,  the  accumulative  vibration  from  the  impact  and  the  propor- 
tion of  fixed  to  moving  load;  and  these  variations  in  the  conditions 
will  depend  on  the  speed,  character  and  condition  of  the  rolling  stock, 
and  the  length,  character  and  condition  of  the,  bridge.  In  obtaining 
the  immediate  effect  of  the  moving  load,  the  author  has  noted  the 
effect  on  each  bridge  considered  as  a  whole  only,  and  has  considered 
only  the  variation  in  the  proportion  of  fixed  to  moving  load.  There- 
fore, the  result  obtained  for  each  particular  ratio  of  fixed  to  moving 
load  is  the  result  for  an  average  bridge,  considered  as  a  whole,  for  an 
average  of  all  the  other  conditions.  For  bridge  members  whose  maxi- 
mum and  minimum  stresses  occur  when  the  bridge  is  only  partially 
loaded,  the  average  of  the  other  conditions  for  any  given  proportion  of 
fixed  to  moving  would  probably  be  quite  different  from  the  average  for 

fixed 

a  bridee  considered  as  a  whole,  because  a  small  value  ol  -. —    can 

^  moving 

only  occur  for  a  bridge,  thus  considered,  when  the  span  is  short  while 
for  members  whose  maximum  and  minimum  stresses  occur  under  par- 
fixed 

tial  loading  a  small  value  of  '-. —  can  occur  when  the  span  is  long. 

moving 

fixed 
For  such  members  for  a  given  — '—. —  as  the  span  increases,  other  con- 

movmg 

ditions  being  constant,  the  load  is  applied  more  gradually.     For  very 

small  values  of  — '—. — •,  say  -— -  and  less,  the  sudden  upward  bend  in 
moving  92 

the  author's  curve  of  immediate  effect  is  probably  due  to  the  fact  that 
for  such  values  for  bridges  considered  as  a  whole,  the  spans  must  be 
very  short,  and  consequently  not  only  is  the  moving  load  applied  very 
suddenly,  but  the  maximum  impact  comes  from  one  blow  of  the  driv- 
ing wheels  of  the  engine  instead  of  from  the  aggregate  of  blows  not 
simultaneously  ai)plied  from  several  different  units  of  the  rolling 
load,  as  is  the  case  for  bridges  of  long  span. 

For  the  foreofoing  reasons  the  average  immediate  effect  of  the  mov- 
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fix6(i 

Mr.  Prichard.  ing  load,   for  each  particular  valtie  of    -. — ,    is  less  for  members 

moving 

whose  maximum  and  minimum   stresses  occur   under    partial   loads 

fixed 

than  is  indicated  in  the  author's  diagram,  and  if  the  value  of -. — 

moving 

is  very  small  it  is  much  less.  In  view  of  these  facts,  the  writer  con- 
siders it  wise,  in  applying  the  range  coefficient  system  to  such  mem- 
bers, to  use  the  fixed  load  stress  instead  of  the  absolute  minimum, 
thus  obtaining  a  smaller  total  effect,  and  to  apply  this  system  for  even 

fixed 

very  small  values  of ; —  without  qualification. 

moving 

For  short  spans,  the  character  of  the  bridge  plays  an  important 
part  in  determining  the  effect  of  the  moving  load.  For  pin  bridges, 
owing  to  the  play  in  the  joints,  the  impact  is  greater  than  for  plate 
and  lattice  girder  bridges. 

The  writer  has  seen  short  pin  sj^ans  and  ijin-connected  floor  beams 
in  which  the  ^jin  holes  had  become  seriously  elongated. 

While  it  is  hardly  practicable  to  take  the  character  of  the  bridges 
into  account  in  devising  a  system  for  equating  the  effect  of  the  moving 
load,  it  is  advisable  to  limit  the  use  of  pins  to  the  connections  of  fairly 
good-sized  trusses. 

There  are  many  things,  such  as  the  condition  of  the  bridge,  the 
condition  of  the  rolling  stock,  the  amount  of  deflection,  the  amount  of 
camber,  etc.,  which  help  to  determine  the  effect  of  the  moving  load. 
It  is,  of  course,  imj^ossible  to  assign  to  each  its  value  and  to  mathe- 
matically estimate  their  combined  effect,  but  the  fact  of  their  exist- 
ence and  the  uncertainty  as  to  their  effect  mates  it  wise  to  keej}  well 
within  what  sujierficially  seem  to  be  safe  limits,  and  to  consider  sim- 
plicity of  greater  value  than  hair-splitting  refinements  in  selecting  a 
system. 

With  the  relative  effects  of  the  moving  and  static  load  known  or 
assumed  the  question  arises:  What  is  the  best  method  of  proportion- 
ing V  Too  little  regard  is  paid  to  this  question.  If  the  supi)osed  facts 
as  to  the  stresses  were  followed  exactly,  the  nominal  stress  would  vary 
with  the  dynamic  action  of  the  moving  load,  and  the  allowed  unit 
stresses  would  vary  with  the  weakening  effect  of  repeated  stresses. 
Precisely  the  same  result  can  be  accomiilished,  either  by  keeping  the 
allowed  unit  stresses  constant  and  j^roviding  for  both  the  dynamic 
effect  of  the  moving  load  and  the  weakening  effect  of  repeated  stresses 
by  adding  a  sufficient  amount  to  the  nominal  stresses,  or  the  allowed 
unit  stresses  may  be  varied  and  nothing  added  to  the  nominal  stresses. 

The  author's  diagram.  Fig.  1,  shows  the  coefficients  by  which  the 
moving  load  has  to  be  multiplied  for  the  various  systems  he  discusses, 
if  the  first  method  is  followed;  while  Fig.  2  shows  the  unit  stresses 
to  be  used  in  the  second  method. 
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Another  excelleut  illustration  and  contrast  of  the  two  methods  is  Mr.  Prichard. 
afforded  by  a  comparison  of  the  specifications  for  bridges  of  the  Penn- 
sylvania Railroad  Company  with  those  of  the  Pennsylvania  Lines  West 
of  Pittsburg.  Both  are  based  on  the  modified  Launhardt  formula  be- 
fore referred  to,  but  the  Pennsylvania  Railroad  Company  uses  the 
first  method  of  proportioning,  while  the  Pennsylvania  Lines  West  of 
Pittsburg  use  the  second. 

The  writer's  fourteen  years'  experience  in  designing  and  detailing 
bridges  has  given  him  a  decided  preference  for  the  first  method; 
that  is,  the  method  which  keeps  constant  unit  stresses  and  j)rovides 
for  the  total  effect  of  the  moving  load  by  increasing  the  nominal 
stresses. 

If  the  second  method  is  followed,  not  only  should  the  allowed  unit 
stresses  for  the  main  sections  be  varied,  but  the  allowed  shear,  bear- 
ing, etc.,  for  the  pins  and  rivets  should  likewise  be  correspondingly 
varied.  This  fact  is  so  evident  that  it  would  seem  useless  to  state  it 
were  it  not  for  the  fact  that  many,  probably  a  large  majority,  of  the 
si^ecifications  which  vary  the  unit  stresses  allowed  for  determining  the 
sectional  areas  of  the  main  members,  make  no  variation  in  the  allowed 
shear  and  bearing  for  pins  and  rivets. 

Probably  few  who  have  not  designed  by  the  second  method,  and 
-consistently  varied  the  unit  stresses  throughout,  realize  the  labor  in- 
Tolved  in  detailing  by  this  method.  In  doing  so,  for  every  different 
member  of  the  bridge,  and  in  some  cases,  such  as  the  stringers  and 
floor  beams  for  different  parts  of  the  same  member,  different  bearing 
a,nd  shearing  values  for  the  rivets  have  to  be  used.  This  involves  a 
calculation  for  each  case  to  determine  the  allowed  units,  and,  as  it  is 
not  practicable  to  have  tables  for  all  possible  unit  bearings  and  shear, 
a  further  calculation  to  determine  the  value  of  the  rivets  in  bearing 
and  shear  after  the  allowed  units  have  been  determined. 

In  using  the  first  method,  by  which  the  entire  effect  of  the  moving 
load  is  provided  for  by  increasing  the  nominal  stresses,  the  allowed 
unit  bearing  and  shear  for  the  rivets  and  pins,  as  well  as  the  allowed 
unit  stresses  for  the  main  section,  remain  constant,  and  the  work  of 
detailing  the  connections  is  very  much  simplified  as  compared  with 
what  it  is  in  using  the  second  method. 

In  conclusion,  the  author  is  to  be  congratulated  on  having  pro- 
duced a  i^aper  which  can  hardly  fail  to  considerably  influence  the 
future  designing  of  bridges. 

R.  H.  Thurston,  M.  Am.  Soc.  C.  E. — The  subject  is  one  of  supreme  Mr.  Thurston, 
importance,  not  only  to  the  builder  of  bridges,  but  also  to  every  worker 
in  metal,  whether  in  construction  of  structures  or  machinery.  Per- 
haps it  is,  if  possible,  more  important  to  the  latter  than  to  the  former; 
for  the  shake  and  jar  and  pound  and  inertia  stresses,  in  heavy  ma- 
chinery, bring  into  the  problem,  in  proportioning  their  jiarts,  many 
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Mr.  Thurston,  forces  difficult  and  often  impossible  to  determine  exactly,  either  in 
amount,  direction  or  effect. 

Investigations  in  two  principal  directions  are  gradually  revealing 
the  facts,  data  and  laws  upon  which  depend  the  resultant  with  which 
only  the  engineer  is  in  the  end  concerned.  The  action  of  the  dead 
load,  as  distinguished  from  the  live  load,  is  an  inertia-effect.  The 
action  of  repeated  loads  upon  the  material  affected  is  a  molecular 
jjhenomenon.  The  one  is  related  to  the  weight  and  its  motion  simply, 
the  other  to  the  nature  of  the  material  attacked  by  that  weight.  The 
resultant  effect,  the  strain  jjroduced  and  the  risk  involved  by  that 
strain  must  be  anticipated  by  the  engineer  engaged  in  designing  the 
piece,  structure  or  the  machine  affected.  In  the  railway  bridge  the  load 
may  vary  from  the  sum  simply  of  the  dead  and  the  live  loads,  as 
when  the  train  is  barely  moving,  to  some  approximation  to  the  sum 
of  the  dead  and  twice  the  live  load,  as  where  the  speed  is  such  that 
the  weight  of  the  train  may  be  taken  as  falling  freely,  and  as  ulti- 
mately conveying  the  stored  energy  of  its  fall  through  the  extent  of 
the  sag  of  the  bridge  to  the  members  thus  overloaded,  which  parts, 
and  the  structure  as  a  whole,  presumably,  must  absorb  all  that  kinetic 
energy  before  the  fall  can  be  arrested.  It  would  seem  that,  as  a 
matter  of  i^rudence,  the  engineer  should  assume  in  all  such  cases  (in 
machine  design  certainly,  and,  j^erhaps,  in  the  planning  of  parts  of 
structures  like  bridges)  that  this  maximum  may  be  anticipated,  ap- 
proximately, on  occasion,  in  the  course  of  the  life  of  the  bridge  or 
machine.  If  this  be  accepted  as  a  principle  of  design  in  such  cases, 
the  computation  of  proportions  of  i)arts  is  to  that  degree  simplified, 
and  all  errors  will  occur  on  the  side  of  safety. 

The  effect  of  repeated  stresses  has  now  been  so  fully  investigated 
that,  although  this  field  is  undoubtedly  still  open  for  much  profitable 
research,  it  may  probably  be  assumed  that  enough  of  fact  has  been 
accumulated  to  give  the  designer  of  structiires  subject  to  repeated 
stresses,  of  the  same  kind  at  least,  siifficient  basis  for  his  compvita- 
tions.  The  writer  is  inclined  to  sum  the  whole  matter  ujj  by  saying 
that  the  old  idea,  held  by  some  of  the  most  distingiiished  and  ablest 
of  investigators  and  designers,  of  making  the  elastic  limit  the  unit 
upon  which  to  base  a  factor  of  safety,  has  come  to  be  established  by 
the  consensus  of  opinion  of  all  modern  investigators.  The  action  of 
relocated  stresses  with  reversal,  involving,  as  it  apparently  does,  even 
with  small  loads,  constantly  repeated  and  i^ermanent  disturbances  of 
the  molecular  relations  and  arrangements,  seems  likely  to  demand  pro- 
longed experimental  investigation  and  study  of  every  class  of  material 
used  in  engineering.  Yet  it  is  now  possible,  with  the  more  common 
materials,  and  for  substantially  important  work,  to  establish  limits,  by 
reference  to  the  experience  of  the  century,  which  are  those  within 
which  safety  may  be  assured,  practically,  in  all  cases,  even  in  the  case 
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of  machinery,  with  its  constant  reversal  of  stresses  and  strains.  All  Mr.  Thurston, 
these  limit  quantities,  it  may  probably  be  said  Avithout  hesitation,  are 
found  to  be  so  related  to  the  elastic  limit  of  the  material  as  to  make 
that  point  the  bench-mark  of  our  work.  The  establishment  of  the 
elastic  limit  thus  becomes  the  main  requirement,  it  would  seem,  of 
the  engineer's  tests  of  materials,  so  far  as  used  for  purposes  of  con- 
struction of  either  striictures  or  machinery.  That  being  determined 
for  the  substance,  and  its  relation  to  the  breaking  load  under  static 
stress,  the  judgment  of  the  designer,  guided  by  experience  and  re- 
search, enables  him  to  proportion  parts  with  entire  safety  and 
maximum  economy  in  the  use  of  material.  Probably  the  majority  of 
experienced  designers  of  machinery  would  be  satisfied  with  some  such 
scale  of  factors  of  safety  as  given  in  Table  No.  10:* 

TABLE  No.  10. — Factoks  of  Safety,  Based  on  Elastic  Limit. 


Load. 

Shock  or  re- 
peated load  in 
machinery. 

Dead. 

Live. 

Wrought  iron—"  mild  ' 
Machinery  steel, 

'  steel 

1 

1.5 
2 
3 

3 

4 
6 

3 

5 

6 

8  to  10 

Ratio  of  elastic 
resistance    to 

Tool  steel  

worliing  load . 

Cast  iron 

Where,  as  in  bridge  building,  the  movement  of  weights  of  great 
magnitude  proportionally  to  dead  load  are  to  be  often  dealt  with,  the 
more  precise  methods  illustrated  by  Wohler,  Bauschinger,  Launhardt, 
Weyrauch,  and  by  others  since  the  pioneer  work  of  these  men  was 
done,  come  into  play.  The  pajjer  presents  an  admirable  summary  of 
the  investigations  in  this  field  to  date,  and  the  range  formula  therein 
given  is,  it  seems,  the  best  combination  of  simplicity  with  accuracy 
that  has  yet  appeared.  No  one  can  feel  hesitation  in  its  use  or  dis- 
trust of  the  results  when  reduced  to  practice.  The  one  direction  in 
which  further  development  is  to  be  looked  for  is  apparently  the  adap- 
tation of  the  formula  to  use  with  all  the  now  considerable  variety  of 
bridge  material  available  and,  in  fact,  to  some  extent  used. 

Formerly  the  one  material  obtainable,  practically,  for  this  pur- 
pose was  wrought  iron,  which,  when  of  really  good  quality,  was  a 
comparatively  uniform  and  distinctly  defined  material  in  all  its 
constructive  properties.  It  had  a  tenacity  of  from  48  000  to  52  000  lbs. 
per  square  inch,  and  an  elastic  limit  of  not  far  from  18  000  to  20  000 
lbs.,  and  to  insure  uniformity  and  reliability  of  quality  inspection 
could  readily  be  made.  To-day,  iron  is  largely  displaced  by  steel,  and 
the  quality  of  this  latter  constructive  material  may  be  made  to  range 
from  that  of  a  basic  steel,  rej^roducing  substantially  the  properties 
*  "  Materials  of  Engineering,"  Vol.  ii,  p.  341.    R.  H.  T. 
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Mr.  Thurston,  of  tlie  softest  grades  of  Swedish  iron,  tlirougli  all  the  raoge  familiar  to 
the  builder  as  the  older  standard  bridge  iron  up  to  the  various  grades 
of  harder  steels,  having  tenacities  of  70  000  to  80  000  lbs.  per  square 
inch  and  upward,  and  elastic  limits  rising  from  the  lowest  ligures  for 
Swedish  irons  and  basic  steels,  perhajas  15  000  lbs.,  about  a  third 
the  ultimate  strength,  up  to  55  000  or  65  000  lbs.,  and  two-thirds  the 
ultimate  tenacity,  or  more  with  hard  steels. 

Starting  with  the  j^robably  undeniable  assumjition  that  it  is  never 
desirable,  in  such  Avork,  to  carry  the  loads  above  the  elastic  limits, 
under  the  most  favorable  circumstances,  it  is  the  necessary  inference 
that  the  constants  in  the  formula  adopted  must  be  made  functions  of 
the  value  of  the  elastic  limit  of  the  material  selected  for  use.  The 
formula  must  also  adajDt  itself  to  the  wide  variety  of  constructive 
material  now  available,  and  actually  in  some  degree  made  use  of  by  the 
engineer.     The  general  form  of  the  expression  being  taken  as  here 

proposed, 

S—abR\ 

in  which  a  is  the  stress  to  be  allowed  as  a  maximum,  and  h  is  the 
factor  proportional  to  the  assumed  influence  of  the  range- factor,  R, 
the  values  of  these  quantities  remain  now  to  be  adjusted  to  the 
quality  of  material  to  be  used.  The  specified  tenacity  of  the  steel 
here  considered  as  a  typical  quality  seems  low  in  consideration  of  the 
fact  that  the  indications  are,  in  some  respects,  very  marked  as  jiromis- 
ing  the  use  of  higher  tenacities  as  improved  manufacture  gives  better, 
more  uniform  and  more  resilient  metals.  Rail  steel,  for  example, 
seems  to  be  rising  in  standard,  as  also  is  steel  for  boiler  plate,  as  the 
use  of  manganese  is  coming  to  be  better  understood. 

The  writer  is  very  much  inclined  to  expect  that  structural  steel  of 
all  kinds  will  follow  the  course  of  rail  steel,  which  has  in  the  last  few 
years  changed  from  0.25  or  0.35  carbon  to  0.45  or  0.55;  silicon  from  0.05 
up  to  0. 10;  while  the  manganese  has  been,  on  the  whole,  rather  reduced 
than  otherwise  by  the  improved  materials  and  methods  of  steel  mak- 
ing. In  the  common  forms  of  steel,  the  relation  of  the  elastic  to  the 
ultimate  resistance  is  fairly  constant  at  a  ratio  of  six-tenths;  but, 
should  some  of  the  later  alloys  come  into  use  for  structures,  it  may 
be  exi^ected  that  the  proportion  may  raise  to  two-thirds.  This  will, 
presumably,  make  some  difference  in  the  margin  of  safety  found  de- 
sirable. 

The  particular  fact  to  be  noted  in  this  connection  is,  that  the 
elastic  limit  is  the  real  gauge  of  the  value  of  the  material;  whatever 
the  nature  or  composition  of  the  material,  or  whatever  the  character 
of  the  loads  imi:)Osed.  This  being  identified,  the  value  of  the  member 
of  whatever  structure  becomes  settled.  It  is  further  to  be  noted,  that 
the  ratio  of  elastic  limit  to  ultimate  resistance  and  to  safe  load  on 
the  unit-area  of  section,  for  any  given  class  of  material,   is  substan- 
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tially  constant  for  soimd  metal.     It  thus  follows  that,  if  it  were  pos-  Mr.  Thurston, 
sible  to  asqertain  the  elastic  limit  of  any  member  or  of  any  metal,  the 
ultimate  resistance  would  be  computable,  the  safe  load  would  become 
known,  and  the   section   suitable    for  a  stated  load,  under  specified 
conditions  of  loading,  would  become  determinable. 

Ample  experience- and  innumerable  experiments  have  already  shown 
that  the  loading  of  iron  or  steel  to  the  elastic  limit  produces  no  per- 
manent injury  to  the  metal,  and  that  the  loading  of  any  structure  or 
of  any  member  of  a  structure  to  the  elastic  limit,  whether  that  limit 
is  attained  by  static  or  dynamic  loading,  leaves  the  i^art  practically 
as  it  was  before  loading.  It  simply  takes  out  internal  stresses  up  to 
that  limit,  and  subsequent  loads  well  within  the  limit  do  not  affect 
either  its  method  of  yielding  or  its  endurance. 

All  irons  and  steels  employed  in  construction,  when  submitted  to 
load  of  progressively  increasing  amount,  up  to  and  beyond  the  elastic 
limit,  exhibit,  on  the  stress-strain  diagram  representing  the  operation, 
a  peculiar  and  unmistakable  double  curvature  at  the  elastic  limit, 
which  exposes  the  location  of  that  point  with  perfect  accuracy,  and 
the  load  sustainable  there  becomes  constant,  for  a  brief  period,  with 
continuing  distortion.  This  marks,  not  only  the  elastic  limit,  but  also 
the  character  of  the  material,  and,  if  no  other  part  of  the  diagram 
were  obtained,  the  remainder  of  the  curve  could  be  easily  and  accura- 
tely laid  down  by  anyone  familiar  with  the  material. 

The  testing  of  the  piece  up  to  the  elastic  limit  thus  serves  quite 
as  good  a  purpose  as  testing  to  destruction — with  the  decided  ad- 
vantage of  saving  the  piece,  leaving  it  as  good  as  new  and  just  as 
useful  as  a  part  of  the  proposed  construction.  This  evidently  ap- 
plies to  bridge  rods  or  any  parts  in  tension  or  compression,  where  the 
form  and  proportions  of  the  piece  are  such  as  to  permit  the  securing 
of  a  diagram  such  as  is  given  by  the  ordinary  test-piece.  Placing  it 
in  test  under  loads  apj^roximating  and  passing  the  elastic  limit,  its 
ultimate  and  maximum  carrying  jDower  becomes  determined  as  com- 
pletely as  if  it  were  actually  broken.  It  can  be  then  placed  in  the 
structure,  and  the  engineer  is  as  certain  of  its  value  and  safety  as  if 
endowed  with  the  gift  of  prophecy,  as  in  fact  he  is  in  this  instance. 
Every  defect  of  composition,  of  make-up,  or  of  molecular  or  mass  struc- 
tui-e,  affects  the  elastic  limit,  and  its  rise  above  the  normal  intended  in- 
dicates too  great  hardness  and  brittleness;  its  location  at  a  lower  figure 
than  that  jaroposed  indicates  either  too  soft  a  material  or  a  faulty 
structure.  If  it  has  precisely  the  quality  demanded  by  the  specifica- 
tion, its  elastic  limit  will  be  found  at  just  the  point  anticipated,  and 
the  fact  will  be  sufiicient  proof  of  compliance  with  the  specification. 

These   i^rinciples  were  pointed  out  twenty  years  ago  in  a  pa^^er 
presented  to  this  Society,  March,  1878,*  and  illustrated  by  a  set  of 
*  Transactions,  Am.  Soc.  C.  E.,  Vol.  vii,  p.  53. 
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Mr.  Thurston,  figures  which  were  iDractically  representative  of  those  obtained  from 
the  test  of  parts  of  the  then  famous  Tariffville  Bridge  which  had 
recently  broken  down  with  disastrous  results. 

In  that  instance,  the  test  pieces  from  various  members  of  the 
structure  were  found,  after  the  accident,  to  have  values  indicated  by 
the  following  figures,  in  which  the  loads  are  given  in  round  numbers: 

Resistances  of  Variously  Strained  Members. 

Elastic  Limit.  Tenacity. 

Sample  No.    1 16  500  46  000 

2 18  000  48  000 

3 30  000  48  000 

4 22  500  50  000 

5 25  000  52  000 

6 27  500  52  000 

7 28  000  52  000 

8 30  000  52  000 

9 32  000  53  000 

10 34  000  53  000 

The  extensions  were  usually  small,  ranging  in  the  neighborhood  of 
15^,  sometimes  falling  to  10  jjer  cent. 

The  figures  show  that  the  original  quality  of  the  iron  was  good, 
soft  and  of  low  tenacity,  but  fine.  Its  elastic  limit  and  ultimate  re- 
sistance, as  shown  by  Nos.  1  and  2,  were  about  17  000  and  45  000,  or 
48  000  lbs.  per  square  inch.  The  extension  was  about  20  per  cent. 
The  abnormal  relation  between  the  elastic  limits  and  the  tenacity  in 
Nos.  3  and  6,  and  higher  numbers,  shows  overstrain,  raising  the  orig- 
inal to  a  new  and  abnormal  limit,  and  measures  the  heaviest  load 
carried  on  each  piece  during  its  life  history. 

The  record  shows  that  the  highest  elastic  limits  thus  revealed  are 
found  on  parts  taken  from  the  structure  at  jaoints  nearest  the  section 
of  the  bridge  at  which  the  break  occurred,  this  being  found,  as  would 
have  been  anticipated  as  probable,  though  not  certain,  in  advance  of 
the  investigation.  The  maximum  elastic  limit  of  the  body  of  the  rod 
corresponds  accurately  to  the  maximum  strength  of  the  threaded  part 
of  the  piece,  and  measures  the  load  on  the  structure,  at  that  point,  at 
the  instant  of  breaking.  This  load  was  found  to  be  about  double  that 
of  the  actual  weight  of  the  load  jiroducing  the  disaster,  and  this  indi- 
cates either  a  shock,  as  by  derailment,  or  a  flaw  in  the  rod  at  that 
point,  either  fact  giving  a  sufficient  explanation  of  the  accident. 

"  It  would  be  concluded  that  the  ordinary  loads,  such  as  had  been 
carried  previously  to  the  entrance  upon  the  bridge  of  that  which  caused 
its  destruction,  never  exceeded,  in  their  straining  action,  16  500  lbs. 
per  square  inch  of  section  of  tension  rod.  *  *  *  This  accident  was 
therefore  caused  by  the  entrance  upon  the  bridge  of  a  load  capable  of 
straining  the  metal  to  about   one-half   of  its   ultimate  strength,  if 
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slowly  applied,  but  which,  in  consequence  of  its  sudden  application,  Mr.  Thurston, 
doiibled  that  stress. 

"  This  sudden  action  may  have  been  a  consequence,  either  of  its 
coming  i;pon  the  structure  at  a  very  high  speed,  or  the  result  of  the 
loosening  of  a  nut,  or  of  the  breaking  of  a  j^art  of  either  the  bridge 
floor  or  of  one  of  the  trucks  of  the  train.  The  latter  occurrence, 
permitting  the  load  to  fall  even  a  very  small  distance,  would  be  suffi- 
cient." 

Thus  the  key  to  the  character  and  resistances  of  the  material  and  of 
the  members  of  the  structure  is  to  be  found  in  the  measurement  of  the 
elastic  limit,  and  of  its  relation  to  the  ultimate  resistance  of  the  metal- 
From  this  somewhat  extended  discussion,  one  is  led  to  the  conclusion 
that  the  values  of  the  constants,  in  the  i)roposed  formulas  for  con- 
structions in  iron  and  steel,  should  be  based  upon  the  elastic  limits 
rather  than  upon  the  ultimate  resistances  of  the  material. 

If  this  be  granted,  the  constant  a,  instead  of  being  taken  at  a  con- 
ventional fraction  of  the  ultimate  load  under  static  stress,  would  be 
properly  taken  at  a  rational  proportion  of  the  elastic  limit  of  the  class 
of  material  to  be  used,  as  iinity  for  soft  irons  and  mildest  steels,  and 
perhaps  three-fourths  or  eight-tenths  for  the  harder  grades.  In  that 
case,  the  formula  would  stand  as  at  present  for  irons,  while  its  constants 
would  increase  with  rising  values  of  the  strengths  of  the  metals,  but 
at  a  slower  rate.  For  hard  steels,  for  example,  where  the  elastic  limit 
is  sometimes  found  as  high  as  two-thirds  the  ultimate,  the  higher  of 
these  proportions  would  be  desirable,  and  the  actual  limit  figure  would 
not  be  far  from  25  tons,  over  50  000  lbs. ,  -per  square  inch.  Nickel 
steels,  should  they  ultimately  become  available  for  structural'puriaoses, 
and  maaganese  steels  of  the  higher  grades,  would  give  figures  still 
higher,  if  no  obstacle  be  found  to  an  increase  of  their  hardening  ele- 
ments such  as  has  been  found  jiracticable  in  some  other  directions. 

One  very  important  fact  is  often  overlooked  in  the  study  of  formula 
construction  for  structures :  a  permanent  load  may  effect  a  progressive 
destruction  of  over-strained  materials  of  some  classes,  and,  as  the 
writer  showed  by  experimental  researches  of  many  years  ago,  "  a  so- 
called  factor  of  safety  of  2  may  prove  to  be,  after  a  time,  a  factor  of 
unity."  In  other  words,  the  indications  of  those  experiments  were  that 
a  factor  of  2,  based  upon  ultimate  resistance,  or  1  as  based  upon  the 
elastic  limit,  might  not  certainly  prevent  fracture  under  static  load,  if 
it  were  sufficiently  long  imposed.  Thus,  taking  2  as  the  minimum 
limit  of  the  factor  for  absolute  dead  loads,  and  2  for  the  factor  of 
ordinary  risks,  including  what  Holley  called  the  factor  of  ignorance, 
it  would  seem  that  the  product,  4,  is  a  minimum  for  the  most  favorable 
cases,  even  where  no  live  load  is  carried  at  all.  This  limiting  value  of 
the  factor  to  be  adopted  must  finally  be  increased  in  the  proportion 
indicated  by  the  researches  giving  as  their  outcome  the  formulas 
which  have  been  discu.ssed,  and  of  which  it  would  seem  that  the  range- 
formula  gives  most  satisfactory  results  as  to  form. 


r 
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Mr.  Thurston.  In  thus  attempting  to  settle  upon  a  factor  of  safety,  upon  either 
basis,  with  various  qualities  of  material,  such  as  are  now  available  and 
actually  more  or  less  used  in  engineering,  there  always  remains  the 
uncertainty  which  is  known  to  arise,  even  with  the  same  material,  as 
a  result  of  known  or  unknown  diflferences  in  the  jihysical  condition 
produced  by  diflferences  in  mechanical  treatment.  This  is  illustrated 
by  the  following  experiment: 

In  the  year  1883,  the  writer  susjaended  a  number  of  iron  wires,  under 
carefully  adjusted  and  attached  static  loads,  ranging,  by  differences 
of  5%,  from  95%"  to  65%"  of  their  ascertained  breaking  loads  under 
the  ordinary  tests,  where  the  testing  machine  produces  i^rompt  rujj- 
ture  by  a  steadily  augmented  tension,  unintermitted  to  the  point  of 
rupture.  Two  qualities  of  the  same  material  were  used;  the  one  being 
*set  up  hard-drawn  as  it  came  from  the  wire  block,  the  other  having 
been  carefully  annealed  after  the  last  reduction.  The  results  of  this 
experiment  were  as  given  in  Table  No.  11. 

TABLE  No.  11. — Endueance  of  Ikon  Undek  Dead  Loads. 


Per  cent,  maximum 

Time  Under  Load  Before  Fracture. 

static  load. 

Hard,  unannealed  wire. 

Soft,  annealed  wire. 

95  

8  days 

3  minutes. 

90  

35  days 

5  minutes. 

85 

Unnoted,  but  one  or  two  years 

91  days 

261  days. 

80 

266  days. 

75 

Unbroken  after  several  years 

Same  results 

17  days. 
455  days. 
455  days  (probable  jar). 

70 

65 

Same  results 

Some  of  these  wires  were  still  unbroken  in  1898,  after  fifteen  years' 
loading;  but,  someslight  oxidation  setting  in,  the  further  prosecution 
of  the  experiment  promises  less  certain  deductions. 

The  significance  of  this  research  and  its  results  becomes  par- 
ticularly notable  when  it  is  remembered  that  probably  no  two  bars 
come  from  the  rolls  in  the  same  state  of  hardening  by  mechanical 
strain  or  of  annealing  by  the  relative  rates  of  heating  and  of  cooling, 
in  the  process  of  productipn  and  subsequent  treatment.  The  differ- 
ences are  probably  never  as  great  as  those  observed  in  the  case  above 
described,  but  they  are  of  the  same  nature  and  may  sometimes  be 
considerable.  In  the  case  just  related,  the  safety  of  the  hard  iron 
was  evidently  assured  by  a  factor  of  safety  of  2;  while  it  is  just  as 
evident  that  a  factor  of  2  for  the  soft  iron  is,  in  fact,  not  certainly  a 
factor  of  absolute  safety  at  all.  It  still  remains  for  special  research 
to  discover  what  bearing  these  facts  have  u^jon  the  safe  proportions 
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of  bridge-members  and  other  constructions.     At  present  it  can  only  Mr.  Thurston, 
be  said  that  great  caution  must  be  observed  in  the  choice  of  material 
and  in  prescribing  its   treatment,  as  well  as  in  the  use  of  constants 
for  the  formula  to  be  employed  where  comi^uting  for  repeated  and 
reversed  loading. 

The  writer  would  be  inclined  to  adopt  not  over  5  tons,  or,  say, 
12  000  lbs.  per  square  inch  for  an  average  and  good  quality  of  what 
is  recognized  as  the  best  bridge-irons,  and  would  prefer  them  hard- 
rolled.  For  steels,  perhaps  one-half  of  the  figure  found  for  the  elastic 
limit  would  serve  for  the  value  of  the  constant  a  until  some  of  these 
still  misty  conditions  and  effects  are  more  completely  cleared  up  by 
further  research.  The  writer  would  like  to  see  the  idea  put  in  prac- 
tice of  testing  construction  material  to  the  point  of  renewed  elevation 
of  the  resistance  under  strain,  beyond  the  elastic  limit,  to  determine 
whether  it  shall  be  introduced  into  the  structure.  It  would  cer- 
tainly, in  the  opinion  of  some  of  those  who  have  carefully  followed 
the  investigation  above  related,  prove  a  very  satisfactory  method  of 
securing  for  the  designer  and  constructor  some  confidence,  if  not  cer- 
tainty, that  such  members  are  actually  callable  of  carrying  fully  the 
amoiint  of  load  assigned  them.  Under  the  usual  system,  of  testing 
by  sample,  the  engineer  always  feels  that  it  is  extremely  probable 
that  he  has  tested  sound  specimens,  while  there  have  still  more 
probably  gone  into  the  structure  the  excejitionally  unsound  and  de- 
fective pieces  received  in  the  same  lot.  The  discussion  of  these  points 
by  the  writer,  in  earlier  volumes  of  the  Transactions  and  elsewhere, 
has  furnished  additions  to  the  record  which  may,  perhaps,  prove  of 
considerable  interest  in  this  connection.*  Meantime  the  paper  under 
discussion  will  certainly  stand  in  those  records,  permanently,  as  a 
valuable  and  exceedingly  complete  and  available  j^resentation  of  the 
subject,  up  to  its  date. 

J.  A.  L.  WaddetjIj,  M.  Am.  Soc.  C.  E. — The  subject  relates  to  one  Mr.  Waddell. 
of  the  most  important  unsolved  problems  in  the  engineering  jjrofes- 
sion,  because,  unless  steel  for  all  bridge  members  of  all  sj^ans  is 
strained  about  right,  either  metal  is  wasted  or  the  ultimate  danger 
limit  is  encroached  upon  in  making  bridge  designs.  The  jirin- 
cipal  points  upon  which  knowledge  is  necessary  are  the  extent  to 
which  the  metal  in  the  various  members  of  all  approved  types  of 
modern  bridges  is  strained  by  moving  loads  applied  at  different  veloci- 
ties, and  the  relation  of  the  effects  of  loads  so  apjslied  to  the  effects  of 
the  same  loads  applied  statically. 

If  such  data  were  obtained,  there  could  readily  be  constructed  a 
diagram  of  percentages  to  add  to  live  load  stresses  that  are  determined 
on  the  assumption  of  static  application  of  loading,  which  would  cover 

*  See  Thurston's  "  Materials  of  EnKineering/'  Vol.  ii,  Chap,  x,  and,  particularly,  Sec. 
293  to  30.3,  inclusive:  also  Transactions,  Am.  Soc.  C.  E.,  1874,  1876,  1877,  1878,  1880,  where 
are  discussed  the  effects  of  time  and  load. 
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Mr.  Waddell.  the  combined  efifects  of  impact,  shock,  jar,  vibration,  etc.,  all  of  which 
factors  tend  to  increase  the  actual  intensities  of  working  stresses.  The 
addition  of  these  percentages  would  reduce  the  total  stresses  to  equi- 
valent static  stresses,  and  would  i^ermit  the  adoption  of  one  or  two 
unit  working  stresses  of  each  kind  for  designing.  An  allowance  for 
iinavoidable,  small  secondary  stresses  could  either  be  included  in  this 
percentage  diagram,  or  else  this  feature  could  be  taken  care  of  in  de- 
termining the  intensities  of  working  stresses  to  use  with  equivalent 
static  stresses. 

The  results  of  deflection  observations  on  Indian  bridges,  quoted  by 
the  author,  are  certainly  both  interesting  and  valuable,  but  it  is  doubt- 
ful whether^they  will  apply  satisfactorily  to  modern  American  bridges, 
because  the  types  of  structures  used  in  the  two  countries  differ 
widely.  Speaking  generally,  the  weight  of  metal  in  an  Indian  bridge 
exceeds  that  in  a  corresj^onding  American  bridge,  of  the  same  span 
and  loading,  by  from  6')  to  100  per  cent.  This  does  not  mean  that  the 
Indian  bridge  is  so  much  stronger,  stiffer,  or  better,  but  that  the  extra 
metal  is  simply  wasted,  its  only  good  function  being  to  absorb  shock 
and  impact.  Such  a  result  can  be  obtained  just  as  w  ell  by  using  a 
material  less  expensive  than  steel,  for  instance,  stone  ballast  in  the 
floor.  Again,  Indian  bridges  are  much  more  shallow  than  American 
bridges,  and  have  far  shorter  panels  and  many  more  parts. 

The  writer  has  reason  to  think  that  the  Indian  exi^eriments  were 
made  mainly  upon  spans  as  a  whole,  and  not  upon  their  component 
members;  consequently,  the  results  will  ajsply  only  to  chords  as  a 
whole  and  not  to  webs,  for  the  writer  does  not  agree  with  the  author  in 
the  statement  that  "the  results  obtained  from  the  deflection  of  the 
truss,  as  a  whole,  must  to  a  great  extent  represent  the  average  for  all 
of  its  members." 

Not  only  are  hangers  and  other  light  web  members  much  more  sub- 
ject to  shock  than  are  heavy  chords,  but  also  the  light  end  panels  of  a 
bottom  chord  are  probably  somewhat  more  affected  by  impact,  etc., 
than  are  the  heavier  chord  members  at  and  near  mid-span.  Experi- 
ment alone  will  determine  the  truth  of  this,  and  settle  the  vexed  ques- 
tion of  what  are  the  various  actual  intensities  of  stress  caused  by  live 
loads  aj)plied  dynamically.  The  writer  has  recently  expressed  him- 
self fully  concerning  this  question  of  impact.* 

The  writer  is  of  the  ojjinion  that  a  series  of  tests  on  actual  in- 
tensities of  working  stresses  for  bridge  members  should  be  made.  It 
would  probably  involve  an  outlay  of  from  ^100  000  to  .$200  000  to 
make  these  tests  j^roperly.  An  advisory  committee  of,  say,  five 
prominent  bridge  engineers  should  be  retained  to  lay  out,  formulate 
and  systematize  the  work,  and  to  direct  a  working  committee  of  three 
well-paid  engineers  who  would  devote  their  entire  time  and  energies 

*  "  De  Pontibus." 
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to  tlie  iuvestigation.     Two  members  of  the  latter  committee  should  Mr.  Waddell. 
be  experienced  expei'imenters  and  the  other  an  expert  bx-idge  engi- 
neer. 

Most  of  the  experimenting  should  be  confined  to  modern  structures 
of  the  most  approved  type;  but,  if  time  and  funds  would  permit, 
some  work  should  be  done  on  bridges  of  the  older  types,  many  of 
which  are  still  in  common  use.  The  beneficial  results  of  such  a  series 
of  tests  are  so  apjiarent  that  it  would  be  useless  to  discuss  them. 

The  writer  is  surprised  to  see  how  large  a  portion  of  the  paper  is 
devoted  to  iron  bridges,  which  are  now  things  of  the  past,  and  how  small 
a  portion  to  steel  bridges.  The  benefits  to  be  derived  from  impact  in- 
vestigations are  confined  almost  entirely  to  future  bridges,  which  cer- 
tainly will  be  of  steel;  because  the  practical  railway  engineer,  in 
determining  whether  it  is  safe  or  not  to  continue  to  use  an  exist- 
ing bridge,  bases  his  judgment  mainly  upon  the  action  of  the  struct- 
ure under  load,  the  excellence  or  weakness  of  its  details,  and  its 
location  in  respect  to  traffic  and  shock,  as  well  as  ujjon  the  intensi- 
ties of  working  stresses  to  which  it  is  subjected. 

It  is  questionable  whether  the  author's  method  of  tabulating  or 
plotting  his  percentages  of  increase  for  live  load  stresses  upon  the 
basis  of  ratio  of  dead  and  live  load  stresses,  is  as  correct  or  scientific 
as  the  more  usual  manner  of  basing  them  upon  length  of  span 
covered  by  moving  load;  certainly  it  is  by  no  means  as  convenient  for 
the  computor,  who  does  not  care  to  spend  any  unnecessary  time  in 
figiiring  ratios  of  loads,  when  he  can  find  the  percentage  by  simply 
glancing  at  a  diagram,  after  noting  the  length  of  sjjan  to  be  covered  for 
the  greatest  stress  on  the  piece  considered.  In  respect  to  the  correct- 
ness of  the  author's  method,  let  an  extreme  case  be  assumed  for  com- 
parison, viz.,  a  200-ft.  span  of  ordinary  type,  and  a  100-ft.  span  so 
overloaded  with  ballast  floor  as  to  make  the  ratio  of  dead  and  live 
loads  the  same  for  the  two  spans.  Would  it  be  better  to  use  the  same 
percentage  of  increase  for  these  two  bridges  or  to  make  it  greater  for 
the  short  span  than  for  the  long  one  ?  Most  engineers  would  certainly 
adopt  the  latter  method. 

The  writer  has  never  yet  been  convinced  of  the  applicability  of  the 
results  of  the  investigations  conducted  by  German  scientists  on  fatigue 
of  metals  to  the  j^roportioning  of  bridges.  In  order  to  obtain  any  re- 
sults at  all,  the  metal  had  to  be  strained  far  beyond  the  elastic  limit, 
and  the  loads  had  to  be  applied  every  few  seconds,  while  in  bridges  the 
metal  never  is  (or,  more  strictly  speaking,  never  should  be)  strained 
much  higher  than  about  one-half  of  the  elastic  limit,  and  the  loads 
are  applied  at  much  longer  intervals,  thus  giving  the  metal  a  chance 
to  recover  itself  and  return  to  its  original  state  before  the  application 
of  another  load. 

The  determination  of  the  value  or  values  of  intensities  of  working 
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Mr.  Waddell.  stresses  is  purely  a  matter  of  professional  judgment,  based  upon  ex- 
perience in  the  field,  and  should  not  be  relegated  to  scientists  in  their 
laboratories. 

If  the  elastic  limit  is  recognized  as  the  true  criterion  of  ulti- 
mate strength,  and  if  the  strain  is  no  higher  than  one-half  of  this 
amount  for  equivalent  static  stresses  due  to  ordinary  loads,  and  30/^  is 
added  for  the  same,  due  to  an  unusual  or  practically  impossible  com- 
bination of  all  loads,  including  wind  pressure,  a  sufficient  margin  will 
have  been  allowed  to  cover  small  secondary  stresses,  possible  flaws  in 
the  metal  and  occasional  dropping  below  average  in  elastic  limit. 

For  medium  steel  having  an  u.ltimate  tensile  strength  (measured  on 
specimens)  between  60  000  and  70  000  lbs.  per  square  inch,  and  a  least 
elastic  limit  of  35  000  lbs.  per  square  inch,  the  writer  in  his  latest  speci- 
fications strains  eye-bars  18  0i)0  lbs.  per  square  inch  and  built  members 
in  tension  16  000  lbs.  per  square  inch. 

The  author  evidently  has  more  faith  in  metal  than  has  the  writer, 
for  the  former  strains  mild  steel,  having  an  average  ultimate  strength 
of  60  500  lbs.  ('27  English  tons)  per  square  inch,  12%"  higher  than 
the  writer  does  the  medium  steel.  It  is  true  that  the  author  counts 
upon  40  300  lbs.  (18  English  tons)  per  square  inch  as  the  elastic  limit 
of  such  mild  steel ;  but  the  writer's  experience  in  the  use  of  metal  does 
not  indicate  that  it  is  safe  to  rely  upon  more  than  33  000  lbs.  per  square 
inch  as  the  elastic  limit  of  such  metal,  to  say  nothing  of  the  probable 
decrease  in  elastic  limit  between  full-size  members  and  test  specimens. 
Standard  specifications  for  soft  steel  allow  the  elastic  limit  to  run  gen- 
erally as  lowas  30  000  lbs.  per  square  inch,  and  sometimes  even  down  to 
27  000  lbs. 

Referring  to  the  Table  No.  9,  as  a  matter  of  curiosity,  the  writer 
has  made  a  comparison  of  the  nominal  stresses  involved,  using  the 
impact  formula  and  intensities  of  De  Pontibus,  with  those  given  by  the 
author,  using  as  a  basis  the  bottom  chords  of  single-track  railroad 
bridges. 

The  results  of  the  comparison  are  given  in  Table  No.  12. 
TABLE  No.   12. 


I 


Span 
in  feet. 

Live  load. 

Impact. 

Dead  load. 

Nominal 
intensity. 

Stone's 
nominal 
intensity. 

Percentage 

of 
difference. 

100 

4  366 

4144 
4  030 
3  930 
3  860 
3  800 
3  760 
3  7.30 
3  700 
3  680 
3  660 

3  844 
3  550 
3  303 
2  096 
1  930 
1788 
1  671 
1  571 
1  4-0 
1402 
1331 

1630 

1  850 

2  1.30 
2  444 

2  820 

3  165 
3  500 

3  880 

4  226 
4  576 
4  930 

12144 

12  621 

13  102 
13  546 

13  966 

14  322 
14  631 

14  914 

15  169 
15  389 
15  585 

14  280 

14  806 

15  36a 

15  895 

16  484 

16  823 

17  150 
17  450 
17  713 
17  932 
18120 

. 

1-17.6 

150 

1-17.3 

200 

1-17.3 

250 

300 

hl7.3 
-17.6 

350 

hl7.5 

400 

-17.1 

450 

L-17.0 

500 

rl6.8 

550 

600 

-16.5 
-16.3 

Average  difference . 


-fl7.1 
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It  will  be  Boticed  that  the  atithor  strains  his  mild  steel  nominally  Mr.  Waddell. 
about  17%  higher  than  the  writer  strains  his  medium  steel,  and  that 
the  variations  in  the  differences  are  small. 

J.  L.  Power  O'Hanly,  M.  Am.  Soc.  C.  E.---The  deflection  of  a  beam  Mr.  O'Hanly. 
is  the  effect  of  an  applied  vertical  force.  Horizontal  stress  will  not 
cause  an  increase  of  deflection.  Hence,  whenever  a  deflection  is  observed 
in  a  bridge,  in  excess  of  that  due  to  the  weight  of  the  structure  and  its 
external  quiescent  load,  the  excess  must  be  due  to  impact  and  accelera- 
tion, practically  to  impact.  No  other  possible  cause  can  be  assigned 
for  the  phenomenon.  For,  were  track  and  machinery  perfect,  the 
deflection  of  the  bridge  would  be  that  due  to  the  static  load  only,  ir- 
respective of  speed  of  train.  Hence,  the  observed  difference  is  due  to 
the  imperfections  of  track  and  machinery.  Increase  of  deflection  may, 
therefore,  be  defined  as  the  measure  of  the  intensity  of  the  impact. 

The  i^aper  is  a  useful  addition  to  the  existing  scant  literature  on 
this  very  important  subject,  and  will  be  hailed  as  of  great  assistance  in 
solving  the  disputed  question  of  the  i^ercentage  of  stress  due  to 
impact. 

The  writer  believes  that  in  designing  railroad  bridges  of  ordinary 
spans,  the  whole  load,  live  and  dead,  should,  in  calculating  stresses, 
be  treated  as  all  live  load  with  a  coefficient  of  2.0.  It  is  a  safe  rule, 
and  takes  some  cognizance  of  the  wants  of  the  not  distant  future.  In 
long-sj)an  bridges,  however,  with  the  dead  load  per  linear  unit  clearly 
in  excess  of  the  train  load,  the  line  of  demarcation  between  dead  and 
live  load  may  profitably  be  di'awn,  and  a  jDractice  like  that  so  well 
advocated  by  the  author  safely  and  economically  introduced. 

There  can  be  little  doubt  that  repeated  applications  of  a  load,  par- 
ticularly as  it  approaches  the  elastic  limit  of  the  material,  impairs 
the  strength,  stiffness  and  efficiency  of  a  bar  and  hastens  its  rupture. 
Universal  experience  confirms  this  doctrine,  and  brings  the  proi^osition 
within  the  definition  of  an  axiom.  To  Wohler  is  the  great  merit  of 
bringing  the  problem  within  definitely  assignable  limits.  The  choice, 
however,  of  the  expression  fatigue,  by  scientists,  to  convey  the  idea, 
has  been  most  unfortunate,  almost  bringing  a  sound  and  rational  ■ 
theory  into  ridicule,  if  not  contempt.  Fatigue  will  ever  be  associated 
with,  and  exclusively  applied  to,  the  effect  of  strain  on  animal  tissue 
or  living  organism;  nor  is  there  any  good  reason  to  suppose  that  the 
feeling  or  sensation  awakened  thereby  is  aught  akin  to  the  severing  or 
relative  displacement  of  the  molecules  of  iron  or  other  inanimate  sub- 
stances. 

In  his  examination  of  the  tables,  the  writer  is  obliged  to  confess, 
even  at  the  cost  of  unmasking  his  own  ignorance,  that  he  is  unable, 
in  many  instances,  to  verify  the  author's  figures. 

Table  No.  1. — It  is  to  be  regretted  that  the  author  did  not  find  it 
convenient  to  accompany  the  jjaper  with  the  data  on  which  this  table 
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Mr.  O'Hanly.  is  founded,  or  at  least  as  miicli  thereof  as  would  make  it  more  com- 
j)reheasible  to  those  less  fortunately  circumstanced.  The  writer 
assumes  that  the  results  in  the  third  column  are  based  on  the  recorded 
deflection  experiments,  but  how  arrived  at  he  is  ixnable  to  surmise, 
except  from  the  author's  rather  meager  account. 

Contrary  to  expectation,  the  writer  finds  that  the  results  in  column 
4  are  not  strictly  jaroportional  to  the  corresponding  figures  in  column 
3,  that  is  to  say,  the  square  inch  ratio  of 

Static  breaking  stress  Immediate  percentage  effect 


Compound  load  breaking  stress  Live  load  percentage 

,       21.00  147.4     ^   ,, 

For  example,    ^^^  <   -g^,    1.46  <  1.51. 

It  is  also  less  than  the  ratio  of  whole  load.     Thus: 
21.00     ,  147.4 
14.36  <  -W'    ^^-  1-^^^  <  ^■^'^- 

The  table  gives  the  percentage  of  immediate  effect  of  live  compared 
with  dead  load,  the  breaking  stress  per  square  inch  of  section  corre- 
sponding to  such  percentage  of  dead  to  live  load,  and  the  relative 
proportions  of  such  stress  per  square  inch  due  to  dead  and  live  loads 
respectively.  Take,  for  example,  the  case  of  50%  dead  and  live  loads. 
The  breaking  stress  jjer  square  inch  for  this  jjercentage  is  20.60  tons, 
equally  apportioned— 10. 30  tons — among  the  dead  and  live  load  com- 
ponents. As  the  writer  understands  the  table,  the  immediate  effect 
of  50  tons  of  live  and  dead  loads  respectively  is  equivalent  to  101.94 
tons  of  quiescent  load,  and  it  is  surmised  that  the  relative  breaking 
stresses  of  the  difierent  kinds  of  load  would  be  in  like  proportion, 
that  is  to  say,  101.94  :  50  ::  20.6  :  10.1  breaking  stress  per  square  inch, 
due  to  dead  load,  and  10. 5  tons  to  live,  as  against  10.3  in  the  table.  If 
the  excejDtion  be  well  taken,  like  reasoning  aj^plies  to  all  the  figures 
of  columns  5  and  6. 

Table  Ho.  2. — The  writer  is  unable  to  verify  the  figures  in  column 
3  of  this  table,  but  fancies  he  has  solved  those  of  column  6,  with  the 
the  aid  of  Gerber's  formula — (Min.  S-\-il\)"-^28/\  —  f^ — as  given 
by  the  author,  from  which  the  figures  of  columns  4  and  5  are  readily 
deducible.  Example — percentages  of  live  and  dead  load  respectively, 
99  and  1.     Then  : 

99  :1  :  :  14  :  .14  =  Min.  S. 
(0.14-f*  A)'  +  ^8A  =  2P. 
0.02  +  0.14  A  +  -4-  A^  -f-  28  A  =  441. 
i- A^  +  28.14  A  =  441  —  0.02  =  440.98. 
'  A^  +  112.56  A  =  1  763.92. 
A'  +  112.56  A  +  56.282  =  1  763.92  +  3  167.44  =  4  931.36. 
A  +  56,28  =  70.22.     A  =  70.22  —  56.28  =  13.94. 
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TABLE  No.    13.  Mr.  O'Hanlv. 


Load  Percentages. 

Breaking  stress  due  to 
live  load. 

Tabular  numbers. 

Dead. 

Live. 

0 

100 

14.00 

14.00 

1 

99 

13.94 

2 

98 

13.89 

2.5 

97.5 

13.86 

13.86 

3 

97 

13.82 

4 

96 

13.76 

5 

95 

13.70 

13.70 

6 

94 

13.65 

7 

93 

13.58 

8 

92 

13.50 

9 

91 

13.43 

10 

90 

13.38 

13.38 

11 

89 

13.26 

32 

88 

13.22 

13 

87 

13.14 

14 

86 

13.08 

15 

85 

13.06 

13.06 

16 

84 

12.98 

17 

83 

12.90 

18 

82 

12.82 

19 

81 

12.65 

20 

80 

12.57 

12.57 

21 

79 

12.46 

22 

78 

12.39 

23 

77 

12.28 

24 

76 

12.19 

25 

75 

12.11 

12.ii 

26 

74 

12.00 

27 

73 

11.89 

28 

"iH 

11.80 

29 

71 

11.69 

30 

70 

11.60 

11.60 

31 

69 

11.47 

32 

68 

11.35 

33 

67 

11.25 

33i 

66  § 

11.23 

11.24 

34 

66 

11.15 

35 

65 

11.02 

11.05 

36 

64 

10.90 

37 

63 

10.79 

38 

62 

10,66 

39 

61 

10.55 

40 

60 

10.45 

10.45 

Columns  4  and  5  are  easily  deducible  from  column  6. 

This  table  gives  the  jaercentages  of  cumulative  effect  of  live  com- 
pared with  dead  load,  the  breaking  stress  per  square  inch  of  section 
corresijonding  to  such  percentages  of  dead  to  live  load,  and  the  rela- 
tive proiJortions  of  such  stresses  per  square  inch  due  to  dead  and  live 
loads,  respectively.  Take,  for  example,  the  case  of  50%"  dead  and  live 
loads.  The  breaking  stress  per  square  inch  for  this  percentage  is 
18.20  tons,  apportioned  equally  among  the  dead  and  live  load  compo- 
nents. The  cumulative  effect  of  50  tons  live  and  dead  loads  respect- 
ively is  equivalent  to  115.41  tons  of  quiescent  load,  the  50  tons  of  live 
load  being  equivalent  to  65. 41  tons  ;  and  it  is  surmised  that  the  rela- 
tive breaking  stresses  per  square  inch  of  the  different  kinds  of  load 
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Mr.  O'Hanly.  are  in  like  proportion.  That  is  to  say,  115.41  :  50  :  :  18.20  :  7.88  tons 
breaking  stress  per  square  inch  due  to  dead  load,  and  10.32  to  live,  as 
against  9.10  tons  in  the  table.  This  reasoning,  if  correct,  equally 
applies  to  the  figures  of  columns  5  and  6. 

Table  No.  3. — The  writer's  mental  darkness  as  to  column  3  of  this 
table,    if   not    more    intense,  is   just   as    persistent.        With  the  aid, 

however,  of  Launhardt's  formula,  a  =  14    (  1  H — ^  )  ,    as    given    by 

the  author,  he  has  been  enabled  to  verify  the  figures  in  column  4  from 
which  those  of  columns  5  and  6  are  readily  deducible. 

The  table  gives  the  pei-centages  of  cumulative  effect  of  live  load 
compared  with  dead  load,  the  breaking  stress  per  square  inch  of  sec- 
tion corresponding  to  such  i^ercentages  of  dead  to  live  load,  and  the 
relative  proportions  of  such  stresses  per  square  inch  due  to  live  and 
dead  loads,  respectively.  Take,  for  example,  the  case  of  50%  dead 
and  live  loads.  The  breaking  stress  per  square  inch  for  this  per- 
centage is  17.43  tons,  equally  api^ortioned  in  the  table  between  the 
dead  and  live  components.  The  cumulative  effect  of  50  tons  live 
and  dead  loads,  respectively,  is  equivalent  to  120.45  tons  of  quiescent 
load;  and  it  is  surmised  that  the  relative  breaking  stresses  per 
square  inch  of  the  different  kinds  of  load  are  in  like  proi^ortion. 
That  is  to  say,  120.45  :  50  :  :  17.43  :  7.23  tons  breaking  stress  per 
square  inch  due  to  dead,  and  10.20  to  live,  as  against  8.72  tons  in 
table.  The  reasoning  applies  equally  to  all  the  figures  of  columns 
5  and  6. 

Table  No.  -5.— (/>)  Bell-Eobertson  Rule. 

(1)  As  the  writer  understands  this  rule,  which  is  given  onpage491, 
it  imi)lies  that  in  order  to  obtain  the  stress  on  the  bridge  equivalent  to 
all  static  load,  the  whole  load  is  to  be  multiplied  by  1.5,  and  to  the 
product  the  dead  load  added  for  the  equivalent  compound  load,  pro- 
vided that  the  dead  load  is  not  less  than  half  the  live  load.  But  should 
it  be  less  than  one-half,  then  half  the  live  load  shall  be  substituted 
therefor. 

The  tabular  number  corresponding  to  2.5%  dead  and  97.5  live  is 
197.44.     Applying  the  rule,  the  result  becomes 

97  5 
100  X  1.5  -}-  -^  =  198.75, 

as  against  197.44  in  Table  No.  14. 

(2)  Construing  the  rule  to  imply  that  only  the  live  load  is  to  be 
multiplied  by  1.5,  and  the  dead  load  added  to  the  product  when  not 
less  than  half  the  live,  the  result  of  the  above  would  be 

97  5 
97.5  X  1.5  +  -^=195.0, 

as  against  197.44  in  Table  No.  14. 
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TABLE  No.    14.  Mr.  O'Hanly. 


Percentage  of  Load. 

Coefficient  percent- 
age for  whole  load. 

Coefficient  percent- 
age for  moving  load 
only. 

Dead. 

Live. 

2.5 

5 

10 
15 
20 
25 
30 
33| 

97.5 

95 

90 

85 

80 

75 

70 

665 

198.75 
197.50 
195.00 
192.50 
190.00 
187.50 
185.00 
183.33 

195.00 
190. CO 
180.00 
170.00 
160.00 
150.00 
140.00 
133.33     ' 

197.44 
15)4.74 
188.89 
183.35 
175.00 
170.70 
166.67 
150.00 

It  api^ears  that  a  mean  of  the  two  comes  nearer  the  tabular  num- 
ber than  either. 

(c)  Range  Coefficient  Rule.  —The  writer's  calculations  agree  with 
the  figures  in  the  table. 

{d)  Launhardt's  Rule. — The  author  says: 

"  The  use  of  this  formula,  with  the  values  adopted,  involves  the 
following  assumi^tions : 

"  ((/)  The  coefficient  to  be  api^lied  to  the  Moving  Load,  to  obtain  its 
equivalent  in  terms  of  Fixed  Load,  is  2.0  for  the  condition  of  'All 
Moving  Load,'  diminishing  as  the  ratio  of  Moving  Load  to  Fixed  Load 
decreases,  until  it  becomes  1.5  for  the  condition  of  'All  Fixed  Load.' 
The  variation  in  the  value  of  the  coefficient  is  directlj-  in  the  ratio  of 
Total  Load  to  Fixed  plus  Total  Load." 

1.  As  the  writer  understands  this  rule,  it  implies  that  the  coeffi- 
cient 2  for  all  live  load  shall  diminish  in  the  ratio  of  total  load  to 
total  load  plus  fixed  load.  That  is  to  say,  if  the  total  load  were  100 
tons,  of  which  the  dead  part  10,  then  110  :  100  :  :  200  :  181.81.  If 
to  this  be  added  the  dead  load,  the  coefficient  percentage  becomes 
191.81,  with  the  tabular  number  199.91.  A  table  computed  on  this  as- 
sumption gives  the  following  results: 


TABLE  No.   15. 


Load  Percentage. 

Coefficient  percent- 

Coefficient percent- 
age with  dead  load 

Tabular  number. 

age. 

added. 

Dead. 

Live. 

2.5 

97.5 

195.12 

197.62 

197.56 

5 

95 

190.48 

195.48 

195.34 

10 

90 

181.82 

191.83 

190.91 

15 

85 

173.91 

188.91 

186.96 

20 

80 

166.67 

186.67 

183.33 

25 

75 

160.00 

185.00 

180.00 

30 

70 

153.85 

183.85 

176.93 

33' 

66 1 

150.00 

183.33 

175.00 
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Mr.  O'Hanly.        2.   Assuming  that  the  coefficient  shall  vary  with  each  succeeding 
coefficient,  the  following  result  is  obtained. 

For  example,  suppose  dead  and  live  loads  to  be,  respectively,  2.5  and 
97.5  percentages.  Then  102.5  :  100  :  :  200  :  195.12.  If  to  this  be  added 
the  percentage  of  dead  load,  the  sum  gives  197.62.  The  corresponding 
tabular  number  is  197.56. 

TABLE  No.  16. 


Load  Percentage. 

Coefficient  per- 
centage. 

Coefficient  percent- 
age with  dead  load 

Tabular  number. 

Dead. 

Live. 

2.5 

97.5 

195.12 

197.62 

197.56 

5 

95 

193.80 

195.. SO 

195.24 

10 

90 

186.00 

I'.tl.dO 

190.91 

15 

85 

181.90 

ISC,  '.10 

186.96 

20 

80 

178.00 

183.00 

183.33 

25 

75 

174.29 

179.29 

180.00 

.30 

70 

170.75 

175.75 

175.92 

33J 

661 

170.08 

173.41 

175.00 

75 

25 

151.26 

156.26 

157.14 

90 

10 

146.72 

151 .72 

152.63 

3.  A  closer  approximation  is  obtained  by  assuming  the  percent- 
ages to  vary  by  units.  Thus,  101  :  100  :  :  200  :  198.02.  To  which 
adding  the  dead  load  gives  199.02.  Table  No.  17  is  constructed  on 
this  basis. 

TABLE  No.  17. 


Load  Percentages. 

Coefficient  per- 
centage. 

Coefficient  percent- 
age with  dead  load 
added. 

Tabular  number. 

Dead. 

Live. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

99 
98 
97 
96 
95 
94 
93 
92 
91 
90 
89 
88 
87 
86 
85 
84 
83 
82 
81 
80 

198.02 
197.05 
196.09 
195.14 
194.17 
193.24 
192.32 
191.46 
190. .55 
189.65 
188.76 
187.88 
187.01 
186.15 
185.30 
184.45 
183.61 
182.78 
181.97 
181.16 

199.03 
198.05 
197.09 
196.14 
195.17 
194.24 
193.. 32 
192.46 
191.. 55 
190.65 
189.76 
188.88 
188.01 
187.15 
186.30 
185.45 
184.61 
183.78 
182.97 
182.16 

195 124 
190 !9i 
186196 
183; 33 
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(e)  Range  Formula.— The  writer  has  signally  failed  in  all  his  at- Mr.  O'Hanly. 
tempts  to  verify  the  author's  figures,  as  the  following  exhibit  shows. 

All  Moving  Load.— (/  =  21  —  12  R^  =  21  —  12  =  9. 
Then,  9  :  21  :  :  100  :  233.33 

per  cent,  coefficient  for  all  live  load. 

Example:  Dead  load  2,5%,  live  97.5. 

R  =  -^  =  0.975.  R"  =  0.95,  .  • . 

21  —  12R''=21  —  11.4  =  9.6. 
Then,  9.6  :  21  :  :  100  :  218.75. 

Tabular  number,  221.96. 


TABLE  No.  18. 


Load  Percentage. 

Coefficient  per- 
centage. 

Coefficient  percent- 
age with  dead  load 
added. 

Dead. 

Live. 

Tabular  number. 

2.5 

5 
10 
15 
20 
25 
30 
3.3J 

97.5 

95 

90 

85 

80 

75 

70 

66i 

218.75 
206.49 
186.17 
170.32 
157.66 
147.37 
138.95 
134.04 

221.25 
211.49 
196.17 
185.32 
177.66 
172.37 
168.95 
167.37 

221.96 
212.09 
195.74 
182.73 
172.07 
163.16 
155.56 
133.33 

Table  No.  6.  — The  writer  finds  the  figures  in  this  table  agree  with 
his  calculations,  as  far  as  verified. 

Table  No.  7. — The  writer  finds  the  figures  of  this  table,  as  far  as 
verified,  agree  with  his  calculations,  taking  the  ratio  of  safe  stress  to 
experimental  in  Table  No.  6. 

Table  No.  8. — This  is  merely  a  compilation  in  a  single  table  of 
the  results  of  Tables  Nos.  5,  6  and  7  for  the  "  Eange  Formula,"  the 
author's  favorite  rule. 

Table  No.  9. — This  table  is  for  steel  structures  what  Table  8  is  for 
wrought  iron.  The  writer  in  this  case  encounters  the  same  insuper- 
able difficulty  as  for  wrought  iron,  in  finding  the  coefficient  for  steel 
to  be  multiplied  into  live  load  for  reducing  it  to  equivalent  dead  load. 

The  author  well  deserves  the  thanks  of  the  profession  for  the 
thought  and  labor  involved  in  the  prej)aration  of  an  interesting  jjaper 
on  a  most  important  subject. 

F.  E.  TuKNEAUKE,  Assoc.  Am.  Soc.  C.  E. — In  discussing  the  subject  Mr.  Turneaure 
of  live  loads,  the  author  makes  certain  statements  which  seem  to  the 
writer  to  be  open  to  criticism. 

Mention  is  made  of  the  live  load  of  the  text  books  as  meaning  a 
load  suddenly  ajiplied  in  a  vertical  direction,  and,  therefore,  not  corre- 
sponding to  the  moving  load  of  a  bridge.     Certainly  no  such  notion 
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Mr.  Turneaure.  of  live  load  is  conveyed  by  text  books  with  which  the  writer  is  familiar, 
the  term  "  live  load  "  being  used  therein  to  indicate  a  moving  load, 
and  in  no  way  connected  with  the  suddenly  ai^jjlied  load  mentioned 
above. 

The  statement  is  also  made  that,  neglecting  the  efifects  of  vibration 
and  deflection,  the  faster  an  engine  runs  in  a  horizontal  direction  the 
less  its  vertical  effect.  As  the  writer  sees  it,  if  the  motion  is  strictly 
horizontal  there  is  no  vertical  comjjouent,  and,  therefore,  there  can  be 
no  unbalanced  vertical  force  acting  on  the  body.  This  being  the  case, 
it  follows  that  the  upward  pressure  of  the  bridge  on  the  moving  body 
is  at  all  times  equal  to  the  force  of  gravity  acting  downward,  or,  in 
other  words,  is  constant  for  all  velocities.  If  the  deflection  of  the 
bridge  causes  the  body  to  move  in  a  path  curved  below  the  horizontal, 
there  will  be  added  to  the  effect  of  gravity  that  due  to  centrifugal 
force,  Avhich  increases  with  increase  m  speed. 

The  author  has  done  the  profession  a  great  service  in  separating 
and  discussing  so  thoroughly  the  two  effects  of  the  moving  load. 
These  effects  are  too  often  treated  appai'ently  as  one,  but  the  distinction 
between  them  needs  to  be  kept  clearly  in  mind  in  discussing  the  subject 
of  working  formulas.  It  appears  to  the  writer  that  the  simplest  way 
to  treat  the  two  effects  is  to  add  a  perceatage  to  the  computed  live- 
load  stresses  for  impact,  or  immediate  effect,  and  then  to  treat  the 
stresses  so  found  as  the  correct  maximum  live  load  stresses  to  be  used 
in  formulas  taking  account  of  fatigue,  or  cumulative  effect.  Practi- 
cally the  same  results  can,  no  doubt,  be  obtained  in  any  given  series 
of  designs  by  the  use  of  a  single  formula,  as  the  author  shows,  but  the 
use  of  a  separate  impact  formula  seems  to  be  a  more  scientific  pro- 
cedure, and  one  that  better  enables  the  effect  of  each  element  to  be 
appreciated  and  the  judgment  to  be  brought  to  bear  on  the  selection 
of  constants.  Such  a  formula  can  also  be  more  readily  modified  as 
our  knowledge  of  impact  increases. 

The  results  of  tests  concerning  the  effects  of  live  loads  are  very 
important,  and  it  would  be  desirable  to  know  more  in  detail  of  the 
tests  whose  results  are  summarized  in  the  paper.  A  very  important 
point  is  that  of  speed  of  trains  used  in  the  tests.  It  is  to  be  presumed 
that  the  ratios  plotted  in  Fig.  1  represent  the  total  effect  of  the  live 
load,  including  that  of  vibration,  as  compared  with  the  effect  of  the 
same  load  moving  at  a  very  slow  speed  or  standing  still  on  the  struct- 
ure; but  the  writer  would  like  to  be  assured  on  this  point.  It  seems 
quite  desirable  to  know,  also,  how  far  the  maximum  ratios  exceed  the 
averages  plotted,  as  it  is  the  maximum  and  not  the  average  that  must 
be  provided  for.  The  ratios  given  by  the  author  are  very  much  less 
than  those  observed  by  Professor  Eobinson*,  and  likewise  much  less 
than  those  found  by  the  writer  in  a  series  of  tests  recently  made  on  a 

*  "  Vibration  of  Bridges,"  S.  W.  Robinson,  M.  Am.  See.  C.  E.  Transactions,  Am. 
Soc.  C.  E.,  Vol.  xvi,  1887,  p.  42. 
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number  of  bridges.     The  results  of  these  tests  agree  in  a  general  way  Mr. Tumeaure. 
■with  those  made  by  Professor  Robinson,  and  indicate  that,  for  Amer- 
ican practice  at  least,  the  percentages  to  be  added  for  impact  should 
be  two  or  three  times  as  great,  for  spans  from  100  ft.  to  200  ft.  in  length, 
as  those  given  by  the  average  curve  in  Fig.  1. 

William  Cain,  M.  Am.  Soc.  C.  E. — The  author  has  made  a  valuable  Mr.  Cain, 
contribution  to  the  study  of  permissible  unit  stresses  in  the  members  of 
a  bridge  truss.  From  about  1  500  separate  observations  on  deflections 
of  bridges  in  India,  the  "immediate  effect"  of  the  moving  load  is 
obtained,  it  being  assumed  that  the  stress  in  any  member  is  propor- 
tional to  the  deflection  of  the  bridge — presumably  at  the  center. 
Thus,  for  a  fixed  load,  A  tons  per  lineal  foot  and  a  moving  load,  B 
tons  per  lineal  foot.  Table  No.  1,  gives  the  factor  by  which  B  must  be 
multiplied  to  give  B',  the  corresponding  static  load  that  will  cause 
the  same  deflection  as  B  in  motion. 

There  are  doubtless  additional  stresses  caused  by  impact  and  the 
resulting  vibration  (causing  the  rattling  of  the  smaller  members)  that 
do  not  show  in  deflection,  but  these  are  neglected.  For  those 
engineers  who  do  not  believe  that  rei^etition  of  stress  below  the 
elastic  limit  causes  any  fatigue  of  metal,  the  cross-section  of  a  mem- 
ber in  square  inches  is  logically  found  by  dividing  the  stress  due,  not 
to  the  load  {A  +  B),  but  (^4  +  B'),  by  7,  the  safe  unit  stress  allowed 
by  the  author,  in  tons  per  square  inch. 

The  author  agrees  with  many  engineers  in  considering  that  millions 
of  repetitions  of  stress  should  be  allowed  for  by  Gerber's  or  Laun- 
hardt's  formula.  To  take  the  simpler  of  the  two,  or  Launhardt's 
formula,  the  method  now  to  follow  to  find  the  cross  section  of  a 
lower  chord  member  say,  is  first  to  find  the  stress  in  it  corresponding 
to  the  load  {A  -f-  B')  above  and  divide  it  by 

~3~  \     ■'"2     A  +  B'J' 

Table  No.  3  gives  the  factor/  by  which  B'  must  be  multij^lied,  so 
that  the  stress  corresponding  to  (^4  -\-fB')  when  divided  by  7  shall 
give  the  same  cross-section  as  that  just  found.  In  fact,  since  the 
stress  is  proportional  to  the  load  per  foot,  the  value  of/  can  be 
found  from 

A  +  B'  A+fB' 


3    V     ^    2    A  +  B'J 


+  B' 

Also,  under  "method  of  calculation"  (page  481)  is  given  the 
process  of  finding  the  coefficients  in  Table  No.  4,  so  that  B  multij^lied 
by  the  proper  coefficient  in  this  table  shall  equal  f  B'.  This  product 
added  to  A  gives,  thus,  the  load  j)er  foot  to  be  treated  as  fixed  load  in 
finding  the  stress  in  the  lower  chord  member  supposed.     On  dividing 
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Mr.  Cain,  this  stress  by  7,  the  same  area  of  cross-section  is  found  as  before. 
Thus,  by  use  of  Table  No.  4,  the  stress  resulting  is  simply  divided 
by  7,  which  is  simpler  than  the  ijreceding  method  involving  the 
direct  use  of  Launhardt's  formula. 

The  solution  is  correct  for  the  chords,  but  it  is  to  be  inferred  that 
the  author  supposes  the  same  coefficients  to  apj^ly  to  the  web,  which 
is  erroneous.  This  would  mean,  in  fact,  that  for  a  given  fixed  and 
moving  load,  the  same  unit  stress  is  to  be  used  throughout  for  tension 
in  lower  chord  and  every  web  member.  The  unit  stress  in  a  web 
member  at  the  center,  which  varies  from  zero  to  its  maximum,  is  thus 
to  be  taken  the  same  as  for  the  lower  chord,  which  is  inconsistent 
with  Launhardt's  formula. 

To  show  where  the  error  is  introduced,  it  is  to  be  first  noted  that 
the  assumption  on  which  Table  No.  1  is  founded  is  that  the  stress  in 
any  member  of  a  bridge  truss  (leaving  out  the  counters)  is  directly 
l^roi^ortional  to  deflection.     This  may  be  granted. 

The  load,  A  fixed  and  B  moving,  is  thus  equivalent,  by  Table 
No.  1,  to  load  {A  -j-  -S')  fixed,  and  the  stress  can  be  found  for  this 
equivalent  static  load;  but  to  get  the  cross-section  of  any  web-member 
this  stress  must  be  divided  by 

14  V  ,         1      \ 

where  m  is  not  equal  to  — — ; — jr.  as  for  the  chords,  but  to  the  actual 
^  '^  A-\-  B' 

minimum  stress  experienced  in  the  jiassage  of  the  moving  load  on  the 

web-member  divided  by  the  maximum  stress.     But  q)  =  Min.  5  -i- 

Max.  «S  for  a  web  member,  varies  from  zero  at  the  center  of  the  truss 

to  a  value  about  equal  that  for  the  chords  at  the  ends,  and  it  is  thus 

l^lainly  inadmissible  to  take  it  the  same  throughout  as  for  the  chords. 

It  is  equally  inaccurate  to  take  the  true  value  of  q)  for  a  web  mem- 
ber in  applying  Table  No.  1,  as  the  ratio  of  fixed  to  total  load  covering 
the  entire  bridge  is  used  as  the  argument  in  the  table,  and  this  does 
not  correspond  to  Min.  S -^  Max.  iS'  for  the  web  member.  Besides 
Min.  aS"  in  a  web  member  corresponds  to  a  diff'erent  position  of  the 
moving  load  from  that  pertaining  to  Max  S,  whereas  Table  No.  1  refers 
to  the  same  position.  If  a  choice  has  to  be  made  in  order  to  utilize 
Table  No.  4,  then  it  is  j^lainly  best  to  use  the  latter  method  and 
replace  the  ratio  of  fixed  to  fixed  and  moving  load  in  Table  No.  4  by 
Min.  S  ~  Max.  ^S  f or  the  web-member  considered,  for  this  gives  the 
least  cross-sections.  This  is  the  plan  adoj^ted  in  America,  where  the 
modified  Launhardt  formula  is  used  for  unit  stresses. 

It  would  seem,  therefore,  that  the  tables  following  Table  No.  1 
apply  strictly  only  to  the  chords.  For  such  members  they  are  ex- 
tremely interesting  and  instructive.  Referring  to  Fig.  3,  it  will  be 
observed   that   the   straight   line   marked  "Launhardt's  system,"  is 
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mucli  nearer  the  curve  given  by  experiment  tlian  the  one  correspond-  Mr.  Cain, 
iug  to  Cooper's  "  fixed  coeJBfioient, "  and  on  account  of  its  simplicity  it 
is  to  be  commended. 

The  author's  formula,  r^  ^  21  —  12  R"^,  is  supposed  to  allow,  too,  for 
increased  stresses  due  to  vibration,  but  there  can  be  but  little  vibration 
in  the  chords,  so  that,  although  the  author's  formula  is  somewhat 
nearer  the  results  of  experiment  than  the  modified  Launhardt,  still 
the  simplicity  of  the  latter  ajjpeals  to  the  writer,  and  in  the  present 
state  of  knowledge  respecting  the  effect  of  repetition  of  stress  within 
the  elastic  limit,  he  sees  no  reason  for  adopting  any  more  complicated 
formula,  j)articularly  noting  what  was  said  with  respect  to  the  addi- 
tional approximations  pertaining  to  web-members. 

The  formula  for  unit  stress  in  pounds  per  square  inch  for  wrought- 
iron  ties,  (7  =  7  500  [1  -\-  qS),  was  first  proposed  in  Van  Noi^trmuVs 
Mnciaziiie,*  the  term  h  (p  of  Launhardt's  formula  being  empirically 
changed  to  <p  to  allow  for  all  the  influences  of  impact.  The  paper  by 
J.  M.  Wilson,  M.  Am.  Soc.  0.  E.,t  shows  that  it  was  adopted  with 
notable  additions,  before  1886,  on  the  Pennsylvania  Railroad,  and  it 
soon  came  into  more  general  use.  Later,  the  attemjit  was  made  by 
the  writer,  in  view  of  Professor  Robinson's  exi^eriments  on  deflection 
of  American  bridges,  J  to  ascertain  more  nearly  the  scientific  basis  of 
the  modification,  and  the  results  of  the  investigation  were  given  in 
Kngineering  News,^  but  the  cream  of  the  whole  matter  will  be  found 
in  the  discussion  of  the  paper  by  J.  A.  L.  Waddell,  M.  Am.  Soc. 
0.  E.,  entitled  "  Some  Disputed  Points  in  Railway  Bridge  Designing."^ 
Some  of  the  leading  i^oints  from  that  paper  will  now  be  given  in  a 
very  brief  form. 

Launhardt's  formula  for  breaking  unit  stress  for  millions  of  rei^eti- 
tions  can  be  written. 

Unit  stress  =:  constant  (  1  -f-  -r  <P  )  • 

For  a  less  number  of  repetitions,  it  is  found,  by  working  over  the 
values  given  in  the  original  experiments,  that  the  coeflScient  h  is 
decreased  and  becomes  quite  small  for  a  few  hundred  thousand  repeti- 
tions, which  is  nearer  the  nvimber  to  be  provided  for  in  most  bridges 
than  the  former. 

Taking  A  =  stress  in  a  lower  chord  member  due  to  weight  of 
bridge,  B  =  stress  due  to  live  load  at  rest  and  Up  =  superadded 
stress  corresponding  to  the  extra  deflection  due  to  the  train's  motion, 
then  the  actual  stress  in  the  member  as  the  train  rolls  over  is  A  -\-  B 
+  BiJ. 

*  November,  1877,  p.  459. 

t  "  On  Specifications  for  the  Strength  of  Iron  Bridges,"  Transactions,  Am.  Soc. 
C.  E.,  Vol.  XV.  p.  389. 

X  "Vibration  of  Bridges,"  by  S.  W.  Robinson,  M.  Am.  Soc.  C.  E.,  Transactions,  Am. 
Soc.  C   E.,  Vol.  xvi,  p.  42. 

§  July  16th.  1887,  et  seq. 

Ti  Transactions,  Am.  Soc.  C.  E.,  Vol.  xxvi,  p.  208. 
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Mr.  Cain.  Doubtless  the  coefficient  cp  in  the  Launhardt  formula  is  less  than 
^  for  the  average  bridge,  particularly  where  safe  stress  is  considered 
below  the  elastic  limit,  but  assume  it  at  .1  as  a  maximum,  to  account 
not  only  for  rei3etition  of  stress,  but  also  for  the  additional  stresses 
caused  by  tremor  not  giving  any  vertical  deflection,  and  write  the  safe 
stress  in  pounds  per  square  inch, 


b  =  10  000  (^1  +  i  <p^  , 


whence  the  cross-section  of  the  lower  chord  member  will  be, 


10  000 


(>  +  ^)' 


20 

70 

150 

300 

450 

0.10 

0.20 

0.33 

0.50 

0.66 

0.30 

0.28 

0.25 

0.22 

0.20. 

Now  if  this  same  cross-section  is  found  by  dividing  A  -\-  D  simply 
by  the  unit  stress,  a  =  7  500  (1  -f-  (p),  giving, 

A-\-  B 

7  500  (1  +  <py 
and  this  expression  is  placed  equal  to  the  other  one,  the  following 
values  of  p  are  obtained : 

Span  in  feet . .  . 

(P 

P 

The  values  of  ^  given  here  are  for  old  bridges,  but  as  they  suf- 
ficiently show  the  variations  of  p  for  modern  bridges,  it  was  not 
thought  worth  while  to  make  the  computations  over  again. 

Professor  Robinson's  observations  on  deflection,  jjreviously  re- 
ferred to,  show  that  the  increased  live  load  deflection  due  to  the 
motion  of  freight  and  passenger  trains  at  usual  speeds  varied  all  the 
way  from  almost  nothing  to  28°^  of  the  deflection  caused  by  the  same 
trains  at  rest. 

In  place  of  taking  the  average,  it  is  certainly  safer  to  take  the  mean 
of  25,  giving  the  largest  deflections,  out  of  193  transits  observed,  or 
18.4^0-     This  is  considerably  less  than  the  maximum  28. 

The  bridges  were  open  web  bridges,  13  in  all,  of  spans  varying  from 
128  to  189  ft. 

Thousands  of  observations  on  deflections  of  American  bridges  are 
needed  to  correspond  in  accuracy  of  results  with  the  author's  Indian 
experiments,  bixt  it  is  seen  from  the  table  above  that  the  use  of  the 
formula,  {A  -\-  B)  —  1  500  (1  +  (p),  entails  a  value  of  p  about  1b%  for 
the  kinds  of  spans  examined. 

The  experiments  in  India  gave  for  q3=^\  ov  B  =  1  A,  about  0.07  (see 
Table  No.  1),  or  very  much  less  than  the  average  of  those  in  America. 
From  present  knowledge  it  would  seem,  then,  unwise  to  adopt  in 
America  the  coefficients  given  in  this  table. 
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If  the  formula  7  500  (1  -[-  (p)  is  clianged  to  8  000  (1  +  ^  cp)  then  /),  Mr.  Cain, 
for  the  bridges  mentioned,  becomes  nearly  0.184,  as  found  by  experi- 
ment, but  the  i;uit  stresses  vai-y  but  little  from  the  previous   values, 
and  awkward  fractions  had  best  be  eliminated. 

Fig.  3  shows  that  the  extreme  unit  stresses  given  by  the  Launhardt 
system  agree  sufficiently  well  with  experiment,  and  it  seems  needless 
to  lower  the  coefficient  of  (p  unless  it  is  deemed  best  to  allow  for  a  less 
number  of  repetitions  than,  say,  40  million,  when,  as  stated  before,  the 
coefficient  may  be  lessened  somewhat. 

The  previous  results  were  deduced  primarily  for  a  chord  member. 

The  formula  for  unit  stress  =  7  500  (1  -j-  g?)  is  likewise  applied 
here,  empirically  to  some  extent,  to  the  web;  only  (p  —  Min.  S  -^ 
Max.  S,  is  found  for  the  jirojier  positions  of  live  load  giving  Min.  S 
and  Max.  S. 

Thus  for  counters  and  middle  ties,  q)  =  0  and  p  =  0.33,  or  some- 
what greater  than  the  0.25  corresponding  to  average  spans.  This 
is  certainly  not  to  be  regretted,  as  it  would  seem  that  all  counters, 
whatever  the  length  of  span,  should  have  the  smallest  unit  stress 
allowed,  not  only  because  they  are  suddenly  strained  from  zero 
to  their  maxima,  but  also  on  account  of  their  small  size,  permitting 
greater  lateral  vibration,  which  must  be  accompanied  by  increased 
stress. 

For  intermediate  ties  and  posts,  the  unit  stress  increases  pretty 
regularly  from  the  center  to  the  ends,  as  it  undoubtedly  should. 

In  the  formula  for  unit  stress,  7  500  (1  +  q)),  the  coefficient  7  500 
for  double  rolled  iron  in  links  or  rods,  is  to  be  changed  to  7  000  for 
j^lates  or  shapes  (rolled  iron)  and  to  6  500  for  rolled  iron  in  comj^res- 
sion.  Corresponding  formulas  for  steel  are  used,  and  for  comin'ession 
members  the  usual  reduction  in  unit  stress  should  be  made  by  the 
accepted  column  formulas. 

It  may  be  objected  that  not  only  are  the  values  of  p,  in  the  table 
on  page  532,  too  high,  but  also  that  they  do  not  decrease  rapidly 
enough  as  <p  increases. 

The  objection  is  not  so  serious  as  it  would  at  first  appear,  as  is 
brought  out  more  plainly  by  the  author's  Fig.  3  than  could  be  done 
by  any  tables. 

Here,  for  the  Indian  experiments,  the  straight  line  for  the  modified 
Launhardt  formula  does  not  depart  sufficiently  from  the  curve  given 
by  experiment  to  invalidate  the  result  as  a  joractical  solution,  and  the 
same  may  be  said  for  the  author's  formula,  7  —  4  R',  for  safe  unit  stress 
in  tons  per  square  inch.  The  latter  is  a  little  nearer  the  truth,  but  it 
is  a  question  whether  the  slightly  greater  accuracy  cannot  be  sacri- 
ficed to  gain  the  simpler  modified  Launhardt  formula,  j)articularly 
considering  the  very  approximate  nature  of  the  solutions  proposed  for 
the  various  elements  of  the  jn-oblem. 


534     CORRESPONDENCE   ON    WORKING    STRESS    FOR    BRIDGES. 

Mr.  Moncrieff.  J.  M.  MoNCRiEFF,  M.  Am.  Soc.  C.  E. — No  more  important  subject 
for  a  paper,  from  the  point  of  view  of  the  bridge  engineer,  could  be 
selected,  but  exception  may  be  taken  to  the  title,  as  the  author  deals 
exclusively  with  tensile  stress,  and  the  determination  of  safe  com- 
pressive stress  is  entirely  unnoticed,  although  comju'ession  members 
usually  form  a  much  larger  percentage  of  the  weight  of  a  girder  than 
the  tension  members.  The  highly  important  question  of  safe  shearing 
stress  on  rivets  subjected  to  variable  loads  is  also  untouched. 

Whilst  the  weights  of  bridges  of  similar  type  certainly  increase 
with  the  span,  yet  it  is  hardly  correct  to  base  thereon  the  assumption 
that  the  practice  of  bridge  engineers  in  varying  the  unit  stress  accord- 
ing to  the  span  is  equivalent  to  an  acknowledgment  that  the  effect 
of  moving  load  becomes  relatively  less  as  the  fixed  load  becomes 
greater. 

The  importance  of  the  span,  riither  than  the  weight  of  a  bridge,  in 
determining  the  probable  influence  of  a  live  load  receives  recognition, 
according  to  the  author's  own  references,  in  the  practice  of  American 
engineers,  under  the  special  allotment  system,  in  deciding  on  the 
allowable  stress  according  to  the  span  of  the  bridge,  and  the  position 
of  the  member  in  the  truss. 

It  is  not  at  all  definitely  proved  that  "  for  any  member  of  a  bridge 
*  *  *  the  degree  or  percentage  by  which  the  effect  of  a  ton  of  moving 
load  is  greater  than  a  ton  of  fixed  load  varies  for  different  ratios  of 
moving  load  to  fixed  load,"  and  proof  is  also  required  that  "  immedi- 
ate" effect  and  "  cumulative  "  effect  can  be  in  any  sense  looked  upon 
as  two  distinct  features  of  moving  load  influence  on  the  materials  of 
which  a  bridge  is  made,  or,  in  other  words,  that  dynamic  influence 
and  fatigue,  in  the  usual  acceptation  of  that  term,  have  a  definite 
separate  existence.  This  is  still  an  open  question.  With  regard  to 
the  effect  of  horizontally  moving  loads  on  a  bridge,  in  introducing  the 
subject  of  Working  Stress  in  Railway  Bridges  for  discussion  at  one  of 
the  meetings  of  the  Conference  of  the  Institution  of  Civil  Engineers, 
in  London,  in  May,  1897,  the  writer  pointed  out  that: 

(1)  "  Although  the  influence  of  sj^eed  is  difficult  to  estimate,  yet  it 
does  not  follon'  that  the  ninximum  effect  corresponds  icith  maximum  speed. 
A  familiar  instance  of  this  is  found  in  the  fact  that  a  skater  may  fre- 
quently pass  over  ice  that  would  not  bear  his  weight  for  a  single 
second  if  he  Avere  standing  still,  and,  on  the  other  hand,  it  is  known 
that  the  maximum  effect  on  an  elastic  structure  does  not  occur  when 
the  load  is  standing  still  or  going  very  slowly. 

(2j  "  The  deflection  of  a  particular  bridge  under  a  train  at  60  miles 
an  hour  may  very  possibly  be  no  more,  or  even  less,  than  when  the 
train  is  going  dead  slow,  and  tliere  is  prohahly,  for  any  particular  bridge, 
som.'i  jj'irtlcnlar  spee  i  at  which  a  train  will  produce  its  maximum  effect,  and 
this  speed  will  evidently  depend  on  the  span  of  the  structure,  and  it 
also  appears  quite  possible  that  a  train  running  at  high  speed  may 
produce  a  relatively  greater  effect  upon  a  bridge  of  considerable 
dimensions  than  upon  one  of  short  span." 
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This,  of  course,  only  refers  to  smooth  running  loads  and  is  entirely  Mr.  Moncrieff. 
exclusive  of  such  influences  as,  (1)  the  action  of  the  internal  mechan- 
ism causing  variations  in  the  axle  loads  of  locomotives;  (2)  the  action 
of  balance  weights;  (3)  the  dynamic  effect  of  pitching  and  rolling  of 
engines,  arising  pai'tly  from  the  two  causes  just  mentioned. 

These  and  other  causes  of  additional  stress  reqvxire,  and  should 
be  assigned,  a  special  percentage  of  increase  in  effect  as  compared 
either  with  fixed  or  smooth  running  loads,  or  otherwise  the  same  unit 
stresses  for  an  electric  or  cable  railway,  as  for  the  very  different  case 
of  a  railway  with  ordinary  locomotives,  with  all  the  prejudicial  influ- 
ences of  their  internal  mechanism,  balance  weights,  pitching,  rolling, 
etc.,  would  have  to  be  adoi)ted. 

The  author's  deduction  that  "  the  faster  the  engine  (smooth  run- 
ning) moves  in  a  horizontal  direction,  the  less  will  be  its  effect  in  a 
vertical  direction,"  is  contrary  to  experience.  If  it  were  correct,  hor- 
izontally running  loads  would  be  of  less  effect  than  fixed  loads  of 
equal  amount  as  regards  the  production  of  deflection  in  a  bridge  or 
measurable  strain  in  its  members,  Avhatever  the  relation  between  speed 
and  span. 

It  is  now  also  fully  recognized  by  bridge  engineers  that  it  is  abso- 
lutely necessary  to  keep  in  view  the  possibility  and  probability  of 
trains  running  onto  a  bridge  at  great  speed  and  being  suddenly 
stopi^ed  on  the  bridge,  and  this  is  an  occurrence  which  may  hapi^en 
any  day  on  any  bridge. 

The  author's  difficulty  in  accepting  the  "live  load  "  of  the  text 
books  as  assisting  in  the  consideration  of  the  influence  of  horizontally 
moving  loads  is  somewhat  difficult  to  understand,  in  view  of  the  con- 
tingency just  mentioned,  and  in  view  of  the  practically  speaking 
rapid  loading  and  unloading  of  the  central  diagonals  of  a  lattice 
bridge  under  high-speed  jjassing  loads. 

Referring  to  what  may  be  termed  the  principal  point  of  interest  in 
the  paper,  /.  e.,  the  deflection  observations  in  India:  In  the  first 
place,  deflection  observations  on  bridges  with  such  proportions  of 
depth  to  span  most  likely  to  be  in  use  inlndia,  but  of  which  no  partic- 
ulars are  given  by  the  author,  will  no  doubt  give  some  idea  of  the  effect 
of  moving  loads  uj)on  the  flanges  or  booms,  but  such  observations  can 
hardly  be  taken  as  at  all  applicable  to  web  members. 

Attention  also  requires  to  be  drawn  to  the  fact  that  the  "Standard 
Curve  "  given  in  the  paper  is  an  expression  of  averages  only,  and  that 
for  each  point  of  the  curve  the  maximum  and  minimum  observations 
often  differed  widely  from  each  other.  It  would  be  extremely  inter- 
esting and  valuable  to  have  some  idea  of  the  actual  variation. 

Sir  Benjamin  Baker  has  very  truly  remarked  that  "it  is  the  devia- 
tion from  the  average  which  really  is  so  important  in  the  design  of 
engineering  structures." 
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Mr.  MoncriefE.  It  is  not  practicable  to  form  any  correct  conclusions  as  to  the  influ- 
ence of  moving  loads  on  bridges  without  full  information  as  to  span, 
tyi^e  of  bridge,  proportions  of  bridge,  character  of  details,  speeds  of 
trains,  amounts  of  fixed  and  moving  loads,  and  the  full  range  of  the 
results  of  the  observations. 

Again,  referring  to  the  division  of  moving  load  influence  into 
"immediate  eff'ect"  and  "cumulative  efi"ect,"  as  adopted  by  the  author, 
it  is  by  no  means  clear  that  the  testing  apparatus  used  by  "Wohler, 
Spangenberg  and  Bauschinger  (of  similar  type  in  each  case)  was  such 
as  to  ensure  that  dynamic  influence  was  completely  eliminated, 
although  shocks  and  jarring  no  doubt  were  avoided,  but  that  is  a  very 
different  matter.  The  writer  is  not  aware  that  there  are  any  records 
in  connection  with  these  tests  of  the  "immediate  "  efi'ect,  ?.  e. ,  of  the 
deflection  or  strain  accompanying  the  stresses,  and  with  the  dimen- 
sions of  the  test  pieces  used  it  would  be  a  very  difficult  matter  to  take 
observations  of  such  small,  but  none  the  less  all  important,  effects. 
An  account  of  Wohler's  experiments,  with  illustrations  of  the  testing 
machines,  was  published*  in  1871,  and  a  careful  study  of  the  machines 
and  results  of  the  tests  affords  good  grounds  for  doubting  the  elimi- 
nation of  dynamic  influence. 

Under  the  head  of  "Results  for  Steel,"  the  author  states  that  for 
present-day  mild  steel  of  27  tons  tensile  strength  the  elastic  limit 
may  be  taken  as  high  as  17  tons.  This  appears  very  doubtful.  Does 
this  figure  refer  to  the  primitive  elastic  limit  of  the  material  as  it 
comes  from  the  rolling  mill? 

One  of  the  most  important  deductions  to  be  drawn  from  Bausch- 
inger's  experiments  is,  that  the  primitive  elastic  limit  of  inaterial,  as  it 
comes  from  the  mill,  is  a  most  uncertain  gauge  of  the  powers  of  en- 
durance of  that  material. 

For  instance,  Bauschinger's  endurance  tests  of  wrought-iron  plate, 
with  a  jirimitive  elastic  limit  of  6.84  tons  and  ultimate  strength  of 
25.2  tons,  had  powers  of  endurance  aj^proximately  equal  to  that 
obtained  with  bar  iron,  having  a  primitive  elastic  limit  of  11.8  tons  to 
14.8  tons  and  an  ultimate  strength  of  26.7  tons  per  square  inch. 

Again,  in  one  of  Bauschinger's  experiments  on  a  Bessemer  steel 
bar,  he  was  able  to  cause  the  elastic  limit  to  fluctuate  all  the  way 
from  17.7  tons  to  1.6  tons  in  tension,  and  from  9.65  tons  to  3.24  tons 
in  compression,  by  imposing  loads  alternately  compressive  and  ten- 
sile, and  the  bar  ultimately  finished  np  with  elastic  limits  equal  for 
tension  and  compression,  and  amounting  to  9.65  tons,  which  Bausch- 
inger termed  the  natural  elastic  limit. 

In  comisaring  wrought  iron  and  mild  steel,  it  is  absoluely  necessary 
to  have  full  details  of  their  actual  qualities,  as  the  terms  both  cover 
material  of  a  wide  range  of  quality  and  physical  character. 

*  (London)  Enc/ineering,  Vol.  xi. 
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Tlie  endurance  tests  of  mild  steel  and  wrought  iron  by  Bauschinger  Mr.  Monerieff. 
and  by  Baker,  on  more  modern  material  than  that  tested  by  Wohler,  - 
agree  in  assigning  a  relative  power  of  endurance  to  mild  steel  at  least 
quite  proportional  to  its  greater  strength,  as  compared  with  the 
wrought  iron,  and  the  latter  was  certainly  of  higher  quality  than 
would  be  generally  used  in  ordinary  plate  or  lattice  girders,  while  the 
mild  steel  was  of  quite  ordinary  character.  This  is  quite  contrary  to 
the  deductions  of  the  author. 

Mansfield  Meekiman,  M.  Am.  Soc.  C.  E.— The  terms  "  immediate  Mr.  Merriman. 
effect"  and  "cumulative  effect,"  as  used  by  the  author,  involve 
essentially  the  same  ideas  as  those  expressed  by  American  engineers  in 
the  words  "impact  "  and  "  fatigue."  "  Impact  "  includes  the  increase 
in  stress  due  to  the  velocity  of  ajjplication  of  the  live  load  and  also 
due  to  oscillations.  "Fatigue"  means  the  lowering  of  the  ultimate 
strength  by  a  very  large  number  of  applications  of  the  live  load.  The 
latter  occurs  only  when  the  elastic  limit  is  exceeded,  provided  there  is 
no  alternation  from  tension  to  compression,  while  the  former  occurs 
under  every  intensity  of  stress  caused  by  the  live  load.  The  author's 
combination  of  impact  and  fatigue  under  the  term  total  effect  is  the 
only  systematic  one  that  has  come  to  the  writer's  notice,  and  the  tables 
presented  in  the  paper  will  undoubtedly  be  of  great  value  in  all  future 
discussions. 

It  is  much  to  be  desired  that  a  detailed  account  of  the  deiiection 
tests,  from  which  the  impact  percentages  were  deduced,  should  be 
published.  The  increase  in  stress  due  to  impact  depends,  not  only 
upon  the  ratio  of  dead  to  live  load,  liut  also  upon  the  length  of  the 
span  and  the  velocity  of  the  train;  hence  a  discussion  of  these  numer- 
ous experiments  might  add  important  information  regarding  the  prac- 
tical influence  of  these  two  elements. 

The  rules  deduced  by  the  author  for  the  breaking  stress,  in  tons  per 
square  inch  are:  21  —  V2  R-  for  wrought  iron,  and  27  — 15  R^  for  steel, 
in  which  R  is  the  ratio  of  the  live  to  the  total  load.  The  more  usual 
method  is  to  designate  the  ratio  of  the  dead  to  the  total  load  by  0. 
Thus  i?  +  (/)  =  1,  and  hence  R  —  1  —  (p.  Then  the  author's  rules, 
expressed  in  terms  of  (/>,  are: 

9  (  1  -] — -  cp  —  O-0'  )  foi"  wrought  iron. 


and  12   (  1  -{-  -^  (p  —  ^  (p^^    for  steel; 


and  in  these,  0  =  1  expresses  the  condition  of  all  dead  load,  and  cp  =  0 

_       ,      _         .                  ,            Min.  stress, 
the  condition  of  all  live  load,  or  m  general  (p  =  ^ t 

The  i^aper  does  not  treat  of  alternating  stresses  where  the  minimum 
and  maximum  values  are  of  different  kinds,  or  where  cp  is  negative. 
The  rules  are  inapplicable  to  such  cases,  for,  if  the  greatest  tensile  and 
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Mr,  MerrimaQ.  compressive  stresses  ai'e  equal,  then  (p  =  —  1,  and  the  breaking  strengths 
given  by  the  formulas  are  negative,  or  absurd.  This  appears  to  in- 
dicate that  the  rules  are  lacking  in  generality,  for  the  perfect  rules, 
when  they  are  found,  must  be  true  for  all  values  of  0  from  +  1  to 
—  1. 

While  the  author's  tables  and  rules  are  of  great  value  for  the  case 
of  the  rupture  of  bridge  members,  under  a  very  large  number  of  re- 
peated stresses  which  do  not  alternate  from  tension  to  compression,  it 
may  be  doubted  whether  they  retain  this  high  value  after  division  by 
the  factor  of  safety  of  3.  Bridge  members  which  are  designed  by 
the  rules  7  —  4  i?"  and  9  —  5  i?'^,  for  wrought  iron  and  steel,  respect- 
ively, are  not  stressed  beyond  the  elastic  limit,  except  in  cases  of 
accident;  hence  they  are  not  subject  to  cumulative  effect  or  fatigue, 
for  all  experiments  appear  to  indicate  that  the  properties  of  the  metal 
are  unimpaired  by  svich  stresses.  In  such  cases,  however,  the  stresses 
due  to  immediate  effect,  or  impact,  maintain  their  full  influence.  It 
appears,  therefore,  that  the  use  of  the  author's  formulas  for  the  design 
of  bridge  members  cannot  be  logically  justified  excejit  as  really  intro- 
ducing a  factor  of  safety  higher  than  the  assumed  3.  Until  more 
perfect  rules  are  established  they  should  receive  careful  consideration, 
since  they  are  a  decided  step  in  advance  of  many  arbitrary  methods 
now  in  use,  and  are  apftarently  of  greater  generality  than  the  formulas 
of  Launhardt. 
Mr.  Wilson.  JosEPH  M.  WiLSON,  M.  Am.  Soc.  C.  E. — This  paper  is  certainly  a 
very  interesting  and  practical  one,  directly  in  line  with  what  is  most 
needed  in  the  determination  and  agreement  upon  a  standard  sj^eci- 
fication  for  bridges. 

The  application  of  systematic  observations  on  deflections  of  bridges 
in  ludia,  under  moving  loads,  to  a  comparison  with  methods  of  cal- 
culation already  adopted  or  proposed,  is  most  valuable. 

While  observed  deflections  cannot  always  be  relied  ujjon  as  an 
actual  expression  of  the  normal  effect  of  moving  load,  the  result  being 
influenced  by  accidental  or  individual  peculiarities  of  each  particular 
structure,  quality  of  workmanship,  esj^ecially  in  riveted  structures, 
etc.,  yet  with  such  a  number  of  observations  at  command,  as  in  the 
•  present  case,  and  the  method  of  averaging  adopted,  they  certainly 
form  a  fair,  reasonable  and  most  valuable  addition  to  previous  avail- 
able data  on  this  important  question. 

The  systematic  and  exhaiistive  manner  in  which  the  author  has 
carried  out  his  investigations  and  comjiarisons  gives  great  confidence 
in  his  results  and  leaves  little  to  be  desired. 

It  is  quite  evident  that  while  one  system  of  calculation,  among 
those  considered,  may  be  deemed  more  comformable  to  the  actual 
practical  effects  of  the  loading  than  another,  and  advisable  to  adopt 
for  reasons  of  its  own,  yet,  with  the  variations  known  to  exist  in  the 
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best  selected  material,   no  one  need  feel  uneasy  with  a  bridge  on  Mr.  Wilson, 
account  of  its  being  calculated  by  either  of  these  systems. 

The  substitution  of  the  term  "  moving  "  instead  of  "  live  "  load, 
is  a  correction  which  should  at  once  be  adopted  by  every  engineer, 
and  the  author  is  quite  right  in  his  explanation  of  the  diflference  in 
meaning  between  these  two  expressions. 

The  writer  looks  with  favor  upon  the  "  range  "  formula  as  offering 
advantages,  in  that  it  compels  a  lower  working  stress  for  short-sjDan 
bridges  where  the  fixed  load  is  small  as  compared  with  the  moving 
load,  and  permits  a  higher  stress  for  longer  spans  where  the  reverse 
is  the  case.  This  is  a  matter  in  which,  in  the  writer's  oj^inion,  the 
general  i^ractice  will  bear  improvement,  and  some  modification  should 
also  be  made  in  the  case  of  bridges  near  terminals,  where  the  concen- 
trated traffic  of  i^erhajjs  a  number  of  lines  accumulates,  throwing  on 
bridges  an  almost  ceaseless  service,  the  practical  results  of  which,  in 
America,  at  least,  could  not  have  been  appreciated  or  anticiijated  a 
few  years  ago.  America  is  advancing  by  vast  strides,  especially  in  its 
Eastern  States,  and  that  it  is  rapidly  becoming  an  old  country  is 
shown  in  a  marked  way  by  the  immense  increase  of  local  travel  to  and 
from  its  large  cities. 

J.  B.  Johnson,  M.  Am.  Soc.  C.  E. — The  author  has  conferred  on  the  Mr.  Johnson. 
Society  both  a  favor  and  a  compliment  by  presenting  this  very  thorough 
jjaper. 

As  based  upon  the  actual  experiments  of  bridge  deflections,  his  con- 
clusions seem  to  be  entirely  justified.  His  use  of  a  variable  coefficient 
for  reducing  moving  to  an  equivalent  fixed  load  seems  to  be  consistent 
with  all  known  observations,  and,  as  shown  by  Fig.  3,  this  use  warrants 
a  working  stress  for  the  ordinary'  ratios  of  fixed  to  moving  loads  some 
25%  greater  than  the  assumption  commonly  made  in  the  United  States, 
which  is  that  this  coefficient  should  have  the  constant  value  of  2. 
His  formula  is  simpler,  also,  and  it  may  be  written  as  follows: 

l(^-f)-{(.^--0 w 

where  p  =  total  working  stress  per  square  inch, 

/  =  ultimate  tensile  strength  of  the  metal, 

„  , .      live-load  stress  .  , 

E  =  ratio :      ,   ,  ,    ^ m  any  member, 

total  stress 

K  =  factor  of  safety. 

When  the  American  formula  (with  the  constant  factor  2  to  reduce 

live  to  dead  loads), 

which  is  p  =  :jr]f- 1 

^  Mm.  stress 

2  Max.  stress 

is  put  in  the  same  form  as  equation  (1)  it  becomes, 

^'-iirhd (^' 
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Mr.  Johnson.  ^.s  the  antlior's  formula  (1)  is  at  once  more  rational,  or  at  least  more 
in  accordance  with  observed  facts,  and  also  gives  about  25%  greater 
working  stresses,  there  would  seem  to  be  every  reason  why  it  should 
be  used. 
Mr.  Stone.  E.  HERBERT  Stone,*M.  Am.  Soc.  C.  E. — Before  replying  to  the  dis- 
cussion the  author  wishes  to  thank  the  members  for  their  very  kindly 
and  courteous  reception  of  his  jjaper.  The  subject  is  one  which  Amer- 
ican bridge  engineers  may  justly  claim  to  have  studied  in  all  its  bear- 
ings more  thoroughly,  more  practically  and  more  successfully  than 
any  other  body  of  engineers  in  the  world,  and  it  is  therefore  specially 
gratifying  to  the  author  to  find  his  contribution  so  favorably  received. 

In  condensing  the  matter  within  reasonable  limits  for  a  paper,  it 
was  unfortunately  necessary  to  leave  out  much  in  the  way  of  explana- 
tion which  would  have  anticipated  some  of  the  points  raised  in  the 
discussion.  The  author's  original  work,  however,  is  in  the  hands  of 
many  of  the  members,  and  a  copy  is  in  the  library  of  the  Society. 

System  of  Adjustment. — It  is  now  generally  admitted  that  the  effect 
of  the  Moving  Load  on  a  member  of  a  bridge  is  more  severe  than  that 
of  the  same  weight  as  Fixed  Load.  It  is  further  admitted  that  the 
degree  or  jDercentage  by  which  the  effect  of  Moving  Load  is  thus 
greater  than  that  of  the  same  weight  as  Fixed  Load  is  not  in  all  cases 
the  same,  but  becomes  greater  as  the  percentage  of  Moving  Load  in 
the  Total  Load  increases.  It  is  also  agreed  that  for  each  j^articular 
case,  if  all  the  conditions  could  be  ascertained  and  allowed  for,  there 
would  be  found  a  certain  coefficient,  by  which,  for  practical  jjurposes, 
the  nominal  Moving  Load  might  be  multiplied  to  obtain  its  equivalent 
or  effective  stress  as  Fixed  Load.f 

Opinions  differ,  however,  as  to  the  system  under  which  this  coeffi- 
cient should  be  determined.  Some  engineers  mamtain  that  it  should 
depend  on  the  sjaan  of  the  bridge,  while  others  are  of  opinion  that  it 
should  depend  on  the  proportion  of  Moving  Load  in  the  total  com- 
pound load. 

In  this  connection  it  may  be  pointed  out  that  the  system  of  making 
the  coefficient  vary  with  the  span  of  the  bridge  would,  if  logically 
followed,  assign  the  same  unit  stress  to  every  member  of  the  same 
bridge,  irrespective  either  of  its  ijosition  in  the  structure,  or  of  the 
ratio  of  Moving  Load  to  Fixed  Load.  It  is  clear,  however,  that  this 
system  can  only  be  considered  approximately  correct  for  the  main 

*  The  author  has  also  forwarded  supplementary  discussions,  designed  to  still 
further  elucidate  the  paper,  on  '-The  Effect  of  Alternating  Stresses,"  "  The  Factor  of 
Safety."  "The  Trajectory  Effect,"  -'The  Effect  of  Varying  the  Conditions,"  and  "The 
Nature  of  Experiments  Required"  ;  all  of  which  are  filed  for  reference  in  the  library 
of  the  Society. 

+  The  author  is  aware  that,  on  theoretical  grounds,  some  engineers  hold  that  the 
dynamic  effect  of  the  Moving  Load  cannot  be  represented  properly  by  the  static  effect 
of  a  Fixed  Load.  For  the  practical  purposes  of  bridge  design  the  varying  effects  of  the 
two  kinds  of  load  must  be  provided  for  on  some  definite  system,  and  it  is  only  a  question 
of  how  this  may  most  conveniently  be  done  with  sufficient  accuracy  for  the  purpose 
required.  The  pi-actical  side  of  the  question  is  very  clearly  stated  by  Mr.  J.  A.  L.  Wad- 
dell  in  the  first  two  paragraphs  of  his  discussion. 
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booms — it  is  less  suitable  for  the  web  bracing — and  cannot  apply  at  all  Mr.  stone, 
to  the  cross-girders  and  rail-bearers.* 

A  rule  based  on  this  system  must,  moreover,  often  give  inconsistent 
results,  inasmuch  as  for  bridges  of  the  same  span  not  only  does  the 
actual  weight  difi'er,  but  the  relative  weight  of  the  Fixed  Load  as 
comjjared  with  that  of  the  Moving  Load  depends  greatly  upon  other 
conditions,  such  as  gauge,  the  number  of  lines  provided  for,  the 
amount  of  ballast,  nature  of  flooring,  and  design  of  the  structure 
generally. 

It  is  also  to  be  noted  that  a  member  of  a  small-span  bridge  may  be 
under  precisely  the  same  conditions  of  loading  as  a  member  (either  in 
the  same  or  in  some  other  position)  on  a  large-span  bridge,  and  in 
such  case  the  size  of  the  whole  structure  evidently  does  not  at  all 
affect  the  stresses  to  which  that  member  is  subjected. 

It  has  further  to  be  remembered  that,  of  the  total  effect  to  be  pro- 
vided for,  the  cumulative  effect  is  of  very  great  importance;  and  it 
would  be  somewhat  difficult  to  apj)ly  the  results  obtained  by  Wohler 
and  others  for  repetition  and  alternation  of  stress  to  a  system  under 
which  the  permissible  unit  stress  is  made  to  vary  with  the  span. 

There  can  be  no  doubt  that  to  contend  that  the  j^ermissible  unit 
stress  should  vary  with  the  span  is  practically  an  admission  of  the 
princii^le  that  the  permissible  unit  stress  should  vary  with  the  ratio 
Fixed  Load  to  Moving  Load.  For,  if  examined,  this  contention  really 
means  that  in  larger  spans  the  mass  of  material  in  the  structure  itself 
is  relatively  greater  as  compared  with  the  mass  of  material  in  the 
moving  locomotive,  and  the  effect  of  the  locomotive  in  producing 
violent  shocks  and  damaging  vibrations  is  thereby  to  a  greater  extent 
modified,  reduced  or  dispersed. 

If  an  anvil  be  struck  by  a  hammer,  and  the  weight  of  the  anvil  as 
compared  with  that  of  the  hammer  be  great,  the  amount  of  movement 
and  vibration  produced  in  the  anvil  will  be  relatively  small.  Further, 
if  experiments  were  to  be  conducted  with  a  series  of  hammers  and 
anvils — so  arranged  that  for  each  hammer  and  its  anvil  the  relative 
weight  differed,  while  in  each  case  the  total  weight  of  the  hammer 
plus  its  anvil  remained  the  same — then  it  is  evident  that  (other  things 
being  equal)  the  actual  amount  of  movement  and  vibration  would  be 

greatest  in  that  case  for  which  the  fraction  ^^  .   ,  ^ — ^, was 

Weight  ot  hammer 

least. 

On  these  considerations  the  author  has  jDreferred  to  make  the  varia- 
tion in  the  coefficient  depend  on  the  proportion  of  Moving  Load  in  the 
total  compound  load.  He  believes  that  this  system  is  now  approved 
by  the  majority  of  bridge  engineers,  and  is  adopted  of  necessity  by  all 

*  The  cross-girders  and  rail-bearers  in  a  long-span  bridge  would,  of  course,  be 
treated  as  separate  bridges  of  short  span,  with  correspondingly  lower  unit  stresses. 
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Mr.  Stone,  engineers  wlio  use  Wohler's  results  as  embodied  in  the  formulas  of 
Lavinhardt  or  others.  This  system  is,  moreover,  of  universal  applica- 
tion>  whereas  the  system  of  variation  by  span  applies  to  bridges 
only. 

Fixed  Load.  — Where  there  are  alternating  stresses  it  is  to  be  noted 
that  a  portion,  or  in  some  cases  the  whole,  of  the  load  due  to  the 
structure  itself  may  become  Moving  Load,  i.  e.,  a  load  which  is  ap- 
plied and  I'emoved  each  time  a  train  traverses  the  bridge.  The  Fixed 
Load  to  be  dealt  with  in  such  cases  is,  therefore,  not  the  actual  total 
Fixed  Load  due  to  the  structure,  etc.,  but  the  residiial  Fixed  Load, 
which  remains  unaffected  by  the  application  of  the  Moving  Load,  and 
which  is  therefore  not  subject  to  alternation. 

Movuig  Load. — Mr.  F.  E.  Turueaure  has  apparently  misunderstood 
the  author's  allusion  to  the  "Live  Load  of  the  text  books."  This 
special  sort  of  "Live  Load"  is  a  load  suddenly  applied  in  a  vertical 
direction,  but  without  impact.  Its  immediate  effect  is  exactly  double 
that  of  an  equal  weight  as  "  Dead  Load."  Regarding  this  the  follow- 
ing extracts  are  quoted  from  well-known  authors: 

"  Theoretical  considerations,  at  first  sight,  might  erroneously  lead 
us  to  anticipate  a  greatly  increased  deflection  iinder  a  rolling  load, 
since  they  indicate  the  maximum  deflection  of  an  elastic  beam  under 
a  suddenly  imposed  load  to  be  doulile  that  of  the  final  deflection  after 
oscillations  have  ceased.  The  reason  for  this  is  ol)vious  enough,  for 
the  resistance  of  the  beam  in  deflecting  to  a  certain  extent,  measured 
in  foot-tons,  must  be  equal  to  the  work  done  by  the  load  in  its  descent 
to  the  same  extent;  and  as  the  latter  is  equal  to  the  product  of 
the  load  into  the  ultimate  deflection,  the  former  must  be  equal 
to  the  product  of  the  mean  resistance  of  the  beam  into  the  same 
deflection;  hence  the  mean  resistance  of  the  beam  must  be  equal  to 
the  load;  and  as  the  resistance  is  nil  at  the  commencement  of  the 
bending,  it  must  be  equal  to  doiible  the  load  at  the  termination  "  (B. 
Baker — "Long  and  Short  Sjian  Rail  wav  Bridges  " — Edition  1873,  page 
92). 

"  It  is  well  known  that  a  load  when  siiddenly  imposed  will  produce 
a  momentary  deflection  twice  as  great  as  that  due  to  the  same  load  at 
rest. 

"This  very  important  fact  is  illustrated  every  day  in  the  action  of 
an  ordinary  spring  balance.  Thus,  if  we  take  a  common  letter-bal- 
ance, selecting  one  which  works  with  very  little  friction,  and  if  we 
suddenly  jilace  upon  it  (without  shock  or  impact)  a  letter  weighing 
2  ozs.,  Ave  know  that  the  index-finger  will  at  once  be  driven  down 
the  graduated  scale  until  it  i:»oints  to  something  like  4  ozs.,  although 
after  a  few  vibrations  it  will  of  course  come  to  rest  at  the  figure 
indicating  the  "  correct  weight '  of  the  letter.  The  extreme  position 
of  the  index-finger  ujion  the  scale  shows  that  the  maximum  stress,  as 
well  as  maximum  deflection  of  the  spring,  is  twice  as  great  as  would 
be  due  to  the  same  load  at  rest;  and  in  the  case  of  an  elastic  girder,  a 
column,  or  a  susiiending  rod,  the  same  thing  must  take  place  irre- 
spective of  the  amplitude  of  the  vibrations,  which  in  these  cases  may 
be  so  small  as  to  escape  observation."  (T.  Claxton  Fidler. — "A  Prac- 
tical Treatise  on  Bridge  Construction  " — Edition,  1893,  page  242). 
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These  quotations  will,  no  doubt,  make  more  clear  the  meauing  of  Mr.  Stone, 
the  author's  remarks  under  "Live  Load  contrasted  with  Train  Load.' 

The  author  sees  no  reason  to  alter  his  opinion  that,  "  if  we  neglect 
the  effects  of  vibration  and  deflection*  and  Suppose  the  engine  to  run 
with  absolute  smoothness,  it  is  clear  that  the  faster  the  engine  moves 
in  a  horizontal  direction,  the  less  will  be  its  effect  in  a  vertical  direc- 
tion." The  illustration  of  the  skater  on  thin  ice  will  be  familiar  to 
every  one.  If  the  skater,  having  got  up  a  high  speed,  puts  his  feet 
together  and  allows  himself  to  glide  on  smoothly,  he  can  traverse 
safely  over  ice  which  would  give  way  at  once  under  his  weight  if  he 
stood  still,  and  the  faster  his  motion  in  a  horizontal  direction  the  less 
is  the  effect  on  the  ice  of  his  weight  in  a  vertical  direction.  In  other 
words,  the  effect  of  the  weight  of  the  skater  on  the  ice  is  reduced 
instead  of  being  increased  by  the  speed  at  which  he  travels.  If,  how- 
ever, instead  of  a  smooth,  gliding  movement  we  have  vertical  oscilla- 
tion, the  conditions  are  much  altered,  and  we  find  that  ice  which 
would  just  bear  the  weight  of  a  man  standing  quietly  upon  it,  would 
give  way  at  once  if  he  attempted  to  run  on  it,  and  the  more  violently 
he  moved  his  feet  and  legs  in  running,  the  greater  would  be  the  effect 
in  breaking  the  ice. 

The  point  would  be  of  no  importance  if  it  were  not  that  some  per- 
sons still  believe  that  the  ' '  Live  Load  "  of  the  text  books  corresponds  in 
some  way  with  the  Moving  Load  of  a  locomotive,  and  it  is  quite  com- 
mon in  older  text  books  to  find  the  statement  that  the  effect  of  "  Live 
Load  ■'  is  just  double  that  of  the  same  weight  as  "Dead  Load." 

Two-Fold  Niitxre  of  the  Effect.  -  Mr.  J.  M.  Moncriefl*  considers  that 
proof  is  required  that  "immediate  effect"  and  "cumulative  effect" 
can  be  in  any  sense  looked  upon  as  two  distinct  features  of  Moving 
Load  influence. 

Mr.  F.  E.  Tiirneaure,  on  the  other  hand,  remarks  as  follows: 

"  The  author  has  done  the  profession  a  great  service  in  sejiarating 
and  discussing  so  thoroughly  the  two  effects  of  the  moving  load. 
These  effects  are  too  often  treated  apparently  as  one,  but  the  distinc- 
tion between  them  needs  to  be  kept  clearly  in  mind  in  discussing  the 
subject  of  working  formulas." 

Mr.  Mansfield  Merrimanf  says: 

"  I  have  read  the  paper  with  much  interest  and  regard  it  as  a  valu- 
able contribution  to  this  important  subject.  Your  distinction  between 
'immediate  effect'  and  'cumulative  effect'  is  in  particular  calcu- 
lated to  simplify  the  theoretic  discussion  of  dynamic  action." 

•  The  deflection  of  the  girder  introduces  an  entirely  new  element,  namely,  the  "  tra- 
jectory effect."  It  will  be  evident  on  consideration  that  this  element  in  its  action  and 
mode  of  application  is  essentially  different  from  the  theoretical  ■•live  load"'  of  the  text 
books.  To  take  the  illustration  "of  the  .skater,  the  nature  of  the  trajectory  effect  would 
be  well  representetl  by  the  skater  gliding  at  a  high  speed  over  the  ice  and  suddenly 
falling  on  his  knees.  The  trajectory  effect  is  of  the  nature  of  a  blow  which  may  under 
certain  conditions  be  very  severe.  In  the  experiments  conducted  at  Port  sun  mth  in 
1848,  under  the  direction  of  Commissioners  Appointed  to  Enquire  into  the  A|ii>ii(;ition 
of  Iron  to  Railway  Structures,  results  for  the  trajectory  effect  upwards  of  tliree  tunes 
as  great  as  that  due  to  the  same  load  at  rest  were  frequently  obtained,  and  the  highest 
recorded  result  was  more  than  five  times  as  great  as  that  of  the  same  load  at  rest. 
t  Letter  to  the  author,  dated  January  25th,  1896. 
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Mr.  Stone.  Immediate  Effect. — The  method  by  which  the  "immediate  effect" 
was  deduced  from  the  Indian  experiments  is  described  in  the  paper. 
The  mass  of  detail  from  which  these  results  were  obtained  was  very- 
great,  and  much  of  this  material  is  no  longer  accessible  to  the  author. 
The  final  i^lottings  before  the  average  ciirve  was  drawn  are,  however, 
still  available,  and  can  be  sent  to  any  one  interested.  The  drawings 
have  been  shown  to  several  engineers,  who  agree  that  the  curve  as 
reproduced  in  Fig.  1  is  probably  as  good  a  representation  of  the 
results  as  could  be  obtained.  The  speed  may  be  taken  as  about  40 
miles  an  hour. 

Mr.  J.  A.  L.  Waddell  considers  that  the  difference  in  design  be- 
tween Indian  and  American  bridges  might  render  it  doubtful  whether 
the  results  could  be  made  applicable  to  American  bridges.  It  would 
appear,  however,  that  a  rule  under  which  the  effective  load  on  a  mem- 
ber is  made  to  depend  on  the  ju-oportion  of  fixed  load  and  moving  load 
would  apply  equ.ally  well  to  different  designs,  or  at  any  rate  sufficiently 
so  for  practical  j^urposes. 

Mr.  H.  S.  Prichard  notes  that  the  curve  for  "immediate  effect" 
changes  its  direction  and  assumes  a  different  character  for  the  higher 
ratios  of  Moving  Load.  This  feature  is  due  to  "trajectory  effect." 
What  is  believed  to  be  the  normal  position  of  the  curve  is  shown  by 
dotted  lines  in  Fig.  1. 

The  author  ventures  to  think  that  Mr.  William  Cain  has  misunder- 
stood the  mode  in  which  the  results  were  worked  out.  The  Indian 
experiments  were  by  deflection  only,  and  the  girder  was  in  each  case 
treated  as  a  whole.  The  results  obtained  from  any  particular  girder 
were  not  considered  applicable  to  every  member  of  that  girder,  but  to 
any  member  (either  in  that  or  in  any  other  girder)  in  which  the  ratio 

Fixed  Load  ,,  „  ,  •  4.-     i        i 

, = ,  was  the  same,    k  or  example,  siippose  ma  particular  class 

Moving  Load 

of  girders  the  ratio  v^ — -. ^^ ^  =  ^-„  and  that  for  these  girders  the 

^  Moving  Load        80 

experiment  showed  that  the  immediate  eifect  of  the  Moving  Load  was 

IIS^   of  that  due  to  the  same   weight   as  Fixed  Load.     This  113% 

"equivalent"   would  be  considered  as  suitable  to  any  member    for 

.  ,     ,  ,.      Fixed         20         ,-,,,,  i     ■ 

which  the  same  ratio  ^n^ — -. —  =  -^77  applied,  but  not  necessarily  to  any 
Moving        oU 

individual  member  of  the  particular  girder  tested. 

The  author,  however,  does  not  attach  any  particular  importance  to 
the  ludian  experiments,  and  has  only  made  use  of  them  in  his  paper 
because  there  were  no  others  of  such  an  extensive  nature  available. 
He  wishes  them  to  be  considered  merely  as  giving  general  average  re- 
sults and  will  gladly  see  them  superseded  later  on  by  a  better  series 
of  experiments  made  on  scientific  i^rinciples  by  skilled  observers. 

Results  for  Steel. — It  has  been  remarked  in  the  discussion  that  the 
greater  part  of  the  author's  paper  is  devoted  to  strtictures  of  wrought 
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iron,  and  that  only  a  comparatively  small  portion  is  occupied  with  the  Mr.  Stone, 
results  for  steel.  The  reason  for  this  will  be  obvious  on  consideration, 
as  the  greater  i^ortion  of  the  argument  ap^jlies  both  to  iron  and  to  steel 
and  could  be  used  for  either  material  indifferently  by  a  mere  alteration 
of  the  figures  representing  the  stresses  and  coefficients.  It  was  there- 
fore considered  better  to  let  the  argument  run  through  continuously  for 
one  material,  viz.,  wrought  iron,  and  then  show  how  the  results  thus 
obtained  should  be  applied  to  steel.  The  only  alternative  to  this 
method  of  dealing  with  the  subject  would  have  been  to  have  given  the 
greater  portion  of  the  pajaer  twice  over. 

Some  engineers  consider  that  the  author  in  taking  the  elastic  limit 
of  steel  as  used  for  modern  bridge  work  at  two-thirds  the  ultimate 
breaking  stress  has  taken  a  higher  ratio  than  would  ordinarily  be  ob- 
tained in  practice.  In  this  connection  the  following  is  quoted  from 
Engineering  News,  February  28th,  1895,  page  135: 

"It  has  frequently  been  claimed  by  structural  steel  makers  that  in 
drawing  specifications  the  elastic  limit  should  not  be  specified  to  ex- 
ceed half  the  ultimate  strength,  and  that  at  least  10  000  lbs.  variation 
should  be  allowed  between  maximtim  and  minimum  limits  of  ultimate 
strength.  Some  recent  tests,  however,  have  shown  that  there  is  no  diffi- 
culty in  procuring  steel  with  an  elastic  limit  equal  to  two-thirds  the  iilti- 
mate  strength,  and  that  a  difference  of  7  000  lbs.  between  the  specifica- 
tion limits  for  ultimate  strength  can  be  met  without  difficulty.  We  are 
indebted  to  Mr.  George  H.  Thomson,  M.  Am.  Soc.  C.  E.,  Consulting- 
Engineer,  for  the  accompanying  condensed  record  of  seventy-one  tests 
upon  600  tons  of  bridge  steel  made  to  his  specifications  and  rolled  in 
January,  1895,  by  the  Pennsylvania  Steel  Company  and  Carbon  Steel 
Company  and  inspected  by  Mr.  A.  C.  Cunningham,  of  the  American  En- 
gineering and  Inspection  Association,  of  Albany,  N.  Y.  The  steel  con- 
sisted of  plates  and  angles  %  in.  to  |  in.  thick,  for  use  in  six  spans  on 
the  Central  Vermont  Railroad,  and  no  difficulty  was  found  in  meeting 
the  high  requirements  of  the  specifications,  only  a  very  few  pieces 
tested  falling  below  the  requirements.  The  lowest  elastic  limit  found 
Avas  61. 1%  of  the  ultimate  strength.  The  condensed  record  of  the  tests 
is  as  follows: " 

Abstract   of   Results.* 

static  Elastic 

breaking  Elastic  limit 

stress.  limit.  ratio. 

Tons.  Tons.  Tons. 
Pennsylvania  Steel  Co. 

With  lowest  elastic  limit 26.295  16.571  63.02 

With  greatest  ultimate  strength  28 .  362  18 .  147  63 .  98 

With  least  ultimate  strength ...   25 .  491  17 .  424  68 .  35 

Carbon  Steel  Co. 

With  maximum  elastic  limit...   25.518  19.411  76.07 

General  Results. 

Highest  results 28 . 362  19 . 411  68 . 44 

'  Lowest  results 25.491  16.571  65.01 

Average 27.057  18.108  66.93 

*  In  the  original  the  stresses  are  given  in  pounds,  and  have  here  been  converted  to 
their  equivalents  in  tons  for  convenience  of  comparison  with  other  values  given  in  the 
paper.    The  table  given  here  is  a  condensed  absti-act  of  that  given  in  Engineering  News. 
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Mr.  Stone.  Hence  it  would  appear  tliat  for  the  quality  of  mild  steel,  as  now 
used  for  the  construction  of  railway  bridges,  if  the  ultimate  breaking 
stress  per  sqviare  inch  be  taken  as  27  tons,  the  elastic  limit  may  for 
jjractical  j^urposes  be  taken  as  high  as  18  tons;  and,  in  dealing  with 
cumulative  efifect  the  rule  for  safe  working  stress  may  then  be  based 
on  a  value  of  u  equal  to  f  t. 

3Iembe7'S  in  Compression. — If  the  effect  of  bending  be  sufficiently 
provided  for  by  the  design  and  by  the  iise  of  a  suitable  column  for- 
mula, there  appears  to  be  no  reason  for  adopting  a  lower  permissible 
working  stress  for  members  in  compression  than  for  those  in  tension. 
The  fact  that  the  ultimate  breaking  stress  in  tension  may  be  somewhat 
higher  than  the  ultimate  crushing  stress  in  compression  is  here  not  of 
much  importance  compared  with  the  fact  that  (if  the  effect  of  bending 
be  provided  for),  we  may,  for  evident  physical  reasons,  work  to  a 
higher  unit  stress  in  comin-ession  than  would  be  safe  or  prudent  in 
tension.  For  a  member  in  compression  the  "  cumulative  effect  "  is  a 
matter  of  comparatively  small  importance,  and  many  of  the  reasons 
for  adopting  a  factor  of  safety  as  high  as  3.0  for  members  in  tension 
do  not  apply  to  members  in  compression.  There  can  be  no  doubt 
that,  if  the  bending  effect  be  adequately  and  separately  provided  for, 
the  material  in  compression  may  safely  be  subjected  to  a  greater 
working  load  than  would  be  admissible  in  tension. 

AppUcatlon  of  Results. — When  the  permissible  stress  under  different 
conditions  has  been  determined,  the  question  at  once  arises  as  to  the 
method  by  which  the  results  thus  agreed  u^^on  shall  be  applied  in 
practice. 

Take  for  examj^le  the  case  of  a  member  of  a  truss  of  wrought  iron 
conditioned  as  follows: 

Tons. 

Fixed  Load 20 

Moving  Load 80 

Total 100 

and  let  it  be  assumed  that  the  following  have  been  ascertained  or  de- 
cided upon  as  suited  to  these  conditions — 

Tons  per 
square 
inch. 
Safe  "Working  Stress: 

For  all  Fixed  Load 7.00 

For  the  compound  (nominal)  load 4.44 

and  that  the  coefficient  is  1.72. 

It  is  evident  that  we  may  proceed  to  ascertain  the  area  required  for 
the  member  either  by  the  effective  stress  obtained  by  the  use  of  the 
coefficient  thus: 
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Effective  Stress  Method.  Mr.  stone. 

Effective  stress  20  +  (80  x  1.72)  .. .   =  157.6  tons. 

Safe  working  stress  per  square  inch  =       7      tons. 

157.6 
Area  required  — ij — =     22^  sq.  ins. 

or  from  the  nominal  stress  thus: 
Nominal  Stress  Method. 

Nominal  stress  20  +  80 =100    tons. 

Safe  working  stress  per  square  inch  =     4.44  tons. 

A  .      T   100  „,,, 

Area  required^-^j "=    ^^2  ^1-  i^'^- 

Under  the  Effective  Stress  method  the  same  safe  working  stress 
{inz.,  7.0  tons  per  square  inch)  would  be  used  for  every  member  of  the 
bridge  and  applied  to  the  effective  stress.  The  coefficient  would  be 
obtained  from  a  table,  or  from  a  diagram  similar  to  Fig.  2. 

Under  the  Nominal  Stress  method  the  permissible  nominal  stress 
per  square  inch  would  vary,  and  would  be  obtained  from  a  table,  or 
from  a  diagram  similar  to  Fig.  3. 

In  i^ractice  it  is  jjrobable  that  in  either  case  the  rule  or  formula 
would  in  the  first  instance  be  used  to  construct  a  table  or  diagram, 
and  that  such  table  or  diagram  would  for  general  work  be  used  in 
preference  to  the  formula. 

The  Effective  Stress  method  appears  to  be  not  only  the  more  scien- 
tific, but  is  also  more  convenient,  as  has  been  very  clearly  shown  by 
Mr.  H.  S.  Prichard. 

Mode  of  Calculation.  — Mr.  J.  L.  Power  O'Hanly  has  raised  some 
questions  regarding  the  mode  of  calculation  adopted. 

Table  No.  1. — Taking  for  example  the  case  cited  by  Mr.  O'Hanly 

Fixed  2.5 

in  which  the  percentage  ratio  is  -  ,   " .  ^"^    =  ^r^  and   suppose   for  the 

Moving        97.5  ^ 

sake  of  illustration  that  these  figures  represent  tons,  we  have  then  in 

this  case  a  loading  as  follows: 

Tons. 

Fixed  Load    2.5 

Moving  Load 97 .5 

Total  load 100.0 

It  is  found  by  experiment  that  for  this  ratio  of  loading  the  imme- 
diate effect  of  the  Moving  Load  is  1.474  times  as  great  as  that  due  to 
the  same  weight  as  Fixed  Load. 

Hence  the  equivalent  of  the  Moving  Load  in  terms  of  Fixed  Load  is 
97.5  X  1.474  =  143.715  tons; 
and  the  total  effective  load  is 

Actual  Fixed  Equivalent  Total 

Load.  Moving  Load.  Effective  Load. 

2.5  +  143.715  =        146.215  tons. 
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Mr.  Stone.  Tliat  is  to  say,  the  100  tons  of  load,  made  up  of  2.5  tons  fixed  and 
97.5  tons  moving,  is  equivalent,  as  far  as  stresses  on  the  structure  are 
concerned,  to  14G.215  tons  all  Fixed  Load.  Taking  21  tons  per  square 
inch  as  the  breaking  stress  for  all  Fixed  Load,  the  breaking  stress 

21   X   100 

per  square  inch  for  this  Nominal  Load  of  100  tons  will  be     ,  ,^  ^, ^ 

146.215 

==  14.3624  tons  j^er  square  inch. 

Taking  a  factor  of  safety  of  3.0  we  get  i^ermissible  working  stresses 

as  follows: 

Tons  per 
square  inch. 

For  the  Effective  Load 7 .0000 

For  the  Nominal  Load 4 .  7875 

,     .^,        146.215  100         .„      .        „  •      1       •        on  on 

and  either  — ^ or  ^-^^tt^^  will  give  the  area  required,  viz.,   20.89 

7  4.7875  1  )         ' 

sq.  ins.* 

As   regards   the    aj)portionment    of    the    breaking   stress    (taking 

the  same  case)  we  have  ascertained  that  a  bar  1  sq.  in.   in   section 

will,  under  the  conditions  assumed,  break  with  a  Nominal  Load  of 

14.3624  tons.     This  load  is  made  up  of  2.5^^  Fixed  Load  and  97.5^^ 

Moving  Load.     Hence  the  Nominal  Load  which  will  break  the  bar  of 

1  sq.  in.  in  section  is  made  up  as  follows: 

Tons. 

Fixed  Load   0 . 3591 

Moving  Load 14  0033 

Total 14.3624 

But  to  obtain  the  actual  effective  load  we  must  multij^ly  the  nominal 
moving  load  by  the  coefficient  1.474,  and  we  then  get  the  following  as 
the  actual  effective  load  which  will  break  the  bar  of  1  sq.  in.  in  sec- 
tion : 

Tons. 

Actual  Fixed  Load 0.3591 

Effective  Moving  Load 20. 6409 

Total 21 .0000 

Tables  Nos.  2  and  3. — A  similar  explanation  will  apply  to  Tables 
Nos.  2  and  3  for  the  cumulative  effect  of  the  Moving  Load  as  deduced 
by  the  use  of  Gerber's  parabola  and  Launhardt's  formula,  resjjectively. 
The  results  have  all  been  worked  out  to  four  jolaces  of  decimals,  and 
the  nearest  figures  to  two  places  of  decimals  have  been  entered.  The 
figures  have  been  re-checked  by  the  author  and  found  correct. 

Table  No.  5.  Bell-Robertson  Rule. — In  regard  to  the  resiilts  given 
in  Table  No.  5  for  the  coefficients  for  the  Bell-Robertson  rule  the  pro- 
cess of  calculation  is  as  follows: 

*  It  is  to  be  remembered  that  these  figures  are  for  "  immediate  effect "  only. 
Cumulative  effect  is  not  here  taken  into  account. 
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Taking  the  example  selected  by  Mr.  O'Hanly,  viz. ^^^^^  =— •  ^^''-  ^*°°^- 

•^'  Moving      97.5' 

suppose  the  total  load  to  be  100  tons. 

Then  under  the  rule  we  have: 

Tons. 

Moving  Load  (97.5)  mnltiplied  by  1.5 =  146.25 

Add  a  minimum  Fixed  Load  equal  to  half  the 

97  5 
Moving  Load       '    =    48. 75 

Total  Effective  Working  Load =  195.00 

Deduct  actual  Fixed  Load 2.50 

Eflfective  Moving  Load =  192.50 

The  coefficient  for  obtaining  the  equivalent  Effective  Load  due  to  the 

192  50 
nominal  Moving  Load  will  therefore  be  =  1.9744. 

y  / .  o 

Table  No.  5.    Launhardt's  Formula— The  remarks  about  the  law  of 

the  variation  of   the  coefficient  for  the  modified  Launhardt  formula 

will,  perha^js,  be  made  more  clear  if  expressed  as  a  formula  thus: 

Coefficient  =  1-4-  ^. . 

^  Fixed  -I-  Total 

This  is,  however,  merely  a  matter  of  general  interest,  as  the  co- 
efficients given  in  the  table  were  calculated  indeiDendently,  not  by  this 
rule. 

Eange  Formula. — Taking  the  example  selected  by  Mr.  O'Hanly, 
the  mode  of  calctilation  is  as  follows: 

Tons. 

Fixed  Load 2.5 

Moving  Load 97 . 5 

Total 100.0 

Here  R  =  0.975  and  W'  =  0.9506. 
By  range  formula:   Breaking  stress  =  21  —  (12  x  i?^) 

=  21  —  (12  X  0.9506) 
=  21  —  11.4072 
=    9.5928 

That  is  to  say,  that  under  the  conditions  assumed,  a  bar  1  in. 
square  will  break  under  a  nominal  load  of  9.5928  tons  made  uj)  as  fol- 
lows: 

Composition  of 
Compound  Load. 
Percentage.  Tons. 

Fixed  Load 2.5  0.2398 

Moving  Load 97.5  9.3530 

Total 100.0  9.5928 
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Mr.  Stone.        But  tlie  breaking  stress  for  this  same  bar  1  in.  square,  under  all 
Fixed  Load,  would  be  21  tons. 

Hence  the  nominal  Moving  Load  of  9.3530  tons  under  these  condi- 
tions produces  an  effect  on  the  bar  as  severe  as  that  due  to  20.7G02  tons 
of  Fixed  Load,  thus: 

Tons. 

Actual  Fixed  Load 0.2398 

Effective  Moving  Load 20.7602 

Total 21.0000 

Under  these  conditions,  therefore,  the  coefficient  to  be  apjilied  to 
the  Moving  Load  to  obtain  its  equivalent  in  terms  of  Fixed  Load  will 
be— 

20  7602 

Selection  of  a  Si/slein. — For  the  reasons  given  in  the  paper,  the  author 
believes  that  the  range  formula  gives  a  closer  ai^proximation  to  the 
actual  facts  than  any  other  of  the  six  systems  which  have  been  dis- 
cussed. *  In  form  and  principle  it  may  be  comjaared  with  the  modified 
Lauuhardt  formula,  but  it  will  probably  be  agreed,  on  an  inspection 
of  Fig.  3,  that  the  curve  given  by  the  range  formixla  is  more  satisfac- 
tory than  the  straight  line  of  the  modified  Launhardt  formula. 

If,  however,  something  simpler  be  j)referred,  the  author  would  in- 
vite attention  to  the  range  coefficient  system.  It  is  exceedingly  simple 
to  use  in  practice,  easily  remembered,  and,  next  to  the  range  formula, 
gives  better  results  than  any  other  system.  It  will  be  remembered 
that  under  this  system  the  coefficient  is  obtained  by  merely  adding 
1.0  to  the  decimal  giving  the  j^roportion  of  Moving  Load  to  Total 
Load. 

Examples  : 

Moving  Load  0.9  of  Total  Load. 

Then  coefficient  =:  1.9. 
Moving  Load  0.66  of  Total  Load. 
Then  coefficient  =  1.66. 

The  author  notes  that  Mr.  H.  S.  Prichard  considers  this  (the 
range  coefficient)  the  best  system  that  has  been  discussed. 

Aj^plica/ioii  to  American  Practice. — Mr.  J.  A.  L.  Waddell  finds  the  re- 
sults for  permissible  nominal  stress  as  given  in  the  i:)aper  higher  than 
he  would  consider  advisable  to  adopt.  On  the  other  hand,  Mr.  O. 
Chanute,  on  behalf  of  himself  and  Mr.  C.  L.  Strobel,  remarks:!  "We 
are  both  much  j)leased  with  your  work,  and  find  that  it  differs  but 
little  from  current  American  practice." 

*  It  is  probably  in  fact  a  closer  approximation  than  even  the  results  given  by  ex- 
periment, because  it  makes  a  certain  allowance  for  the  effect  of  vibration  and  concus- 
sion. 

t  Letter  to  the  author,  dated  June  20th,  1896. 
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After  examining  a  number  of  modern  American  specifications  tlie  Mr.  Stone, 
author  would  suj3""est  for  consideration  the  following  modifications  of 
his  range  formula  as  likely  to  be  found  suitable  in  general  American 
practice. 

"Wrought  Iron. 

Pounds  per  square  inch. 

Safe  Working  Stress  =  16  000— (  9  000  x  R") 
Medium  Steel. 

Safe  Working  Stress  =  20  000— (11  000  X  R") 

Should  the  results  obtained  by  these  formulas,  when  i^lotted,  be 
found  not  to  be  quite  satisfactory  a  revised  line  can  then  be  sketched 
in  to  i^ass  throiigh  the  j^oints  required  and  an  amended  formula 
made  accordingly.* 

Modifications  in  the  Formula. — The  author  wishes  it  to  be  understood 
that  he  does  not  attach  any  special  importance  to  the  precise  figures 
given  with  his  proposed  range  formula.  This  formula  has  been 
merely  suggested  by  him  as  a  means  of  obtaining  a  curve  (see  Figs. 
2  and  3),  which  will  represent  the  known  facts  better  than  those  ob- 
tained by  other  rules  which  have  been  proposed,  f 

In  any  case,  however,  it  will  no  doubt  be  agreed  that  the  right 
principle  is  first  to  draw  a  curve  in  accord  with  the  facts  of  the  case 
as  far  as  can  be  ascertained,  and  then  to  devise  a  formula  which  will 
represent  this  result  as  simply  as  may  be  and  with  a  sufiicient  degree 
of  accuracy  for  practical  i^urposes. 

Experiments  Required. — With  the  engine  standing  at  rest  there  is  no 
difficulty  in  ascertaining  the  stress  which  should  come  on  each  mem- 
ber of  the  bridge  owing  to  the  weight  at  the  wheel-tread  of  each  wheel; 
and  although  we  are  aware  that  (owing  to  jjeculiarities  of  construct- 
ion or  to  imj^roper  treatment  during  erection),  each  member  does 
not,  as  a  matter  of  fact,  receive  just  the  exact  stress  due  to  it  by  cal- 
culation, yet  we  are  satisfied  that  for  all  practical  purposes  the  results 
given  by  calculation  are  a  sufficiently  near  approximation.  But  when 
we  have  to  determine  the  special  extra  efi'ect  on  each  member  of  the 
bridge  diTC  to  the  condition  of  the  load  being  changed  from  "engine- 
at-rest  "  to  "  engine-at-full-speed,"  the  problem  at  once  becomes  ex- 
ceedingly comj)lex.  Among  the  elements  which  affect  the  result,  we 
have,  for  example: 

[a)  Temporary  excess  loads  for  particular  wheels  due  to  the  i^itch- 
ing  of  the  engine. 

*  It  will  be  observed  that  these  formulas  are  based  on  the  following  assumptions: 

Wrought  Iron  per  square  inch.  Medium  Steelper  square  inch. 

Breaking  Stress 48  000  lbs.  =  21 .43  tons.  60  000  lbs.  =  26. 79  tons. 

Safe  Working  Stress  16  000    "    :=    7.14    "  20  000    •'    =    8.93     " 

Tons  per  square  inch. 

tFor  wrought  iron,  the  formula,  Safe  Working  Stress  =  7—  ^^ 1 J    gives 

very  good  results,  but  is  more  complicate!. 
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Mr.  Stone.  (b)  Alternating  excess  loads  for  particular  wheels  due  to  the  press- 
ure on  the  upper  or  lower  guide  bar,  the  motion  of  side  rods,  balance 
weights,  etc. 

(c)  Lateral  concussions  of  the  wheel  flanges  against  the  side  of  the 
rail  head. 

((/)  Effect  of  relation  between  wheel  spacing,  length  of  bridge  panel 
and  length  of  rail. 

(e)  Irregularities,  local  weakness,  and  other  imi^erfections  in  the 
track. 

(/)  Deflection  of  the  main  girders  (and  also,  in  some  degree,  of  the 
cross-girders  and  rail- bearers)  in  relation  to  the  curve  of  trajectory  of 
the  engine. 

{g)  Wave  period  of  the  bridge  in  relation  to  the  alternation  period 
of  the  engine. 

{h)  Excess  sti-esses  induced  by  certain  members  not  doing  their 
proper  share  of  work.  Local  bending  or  twisting  stresses  at  joints 
and  other  stresses  caused  by  imperfections  in  design,  construction  or 
workmanship. 

(i)  Irregular  expansion  or  contraction  due  to  changes  of  tempera- 
ture having  special  local  efi"ects. 

All  these  factors  and  others  which  might  be  sijecified,  are  modified 
in  different  degrees  by  the  speed  at  which  the  locomotive  travels,  the 
design  and  dimensions  of  the  bridge,  the  position  of  the  member  in 
the  bridge,  and  the  design  and  dimensions  of  the  engine.  Each  factor 
is,  moreover,  independently  variable,  and  in  its  variations  affects  most 
of  the  other  factors  to  an  extent  which  is  not  determinable  by  any  mathe- 
matical process,  causing  in  the  other  factors  enhanced  effects  in  some 
cases  and  diminished  effects  in  others. 

It  is  evident  that  for  each  particular  case  having  its  own  definite 
conditions,  the  problem  might  be  dealt  with  by  two  different  methods, 
viz.  : 

(a)  The  analytical  method.  Under  which  each  sejiarate  factor,  so 
far  as  coixld  be  known  or  ascertained,  would  be  examined  and  valued, 
and  the  net  result  obtained  by  a  summation  of  these  values* — and 

(b)  The  experimental  method.  Under  Avhich  the  net  result  of  all 
the  stresses  acting  on  the  bar,  due  to  all  causes  whatsoever,  whether 
known  or  unknown,  would  be  obtained  at  once  as  a  total  by  means  of 
a  strain  indicator. 

The  experimental  method  for  obtaining  the  net  immediate  effect  of 
the  Moving  Load  is  analogous  to  the  use  of  a  dynamometer  for  ascer- 
taining the  net  tractive  force  required  to  haul  a  train.  All  elements 
of  train  resistance,  whether  known  or  unknown,  are   automatically 

*  Probably  the  best  example  of  the  analytical  method  is  the  paper  by  Professor 
Melan  published  in  the  Journal  of  the  Austrian  Engineers  and  Architects'  Association  in 
1893.  An  abstract  of  this  interesting  paper  is  given  in  the  Proceed ings  oi  the  Institution 
of  Civil  Engineers  (London),  1893-94,  Vol.  cxvii,  p.  411. 
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siTinmed  up  iinder  the  aet  total  exliibitecl  by  the  dynamometer.     The  Mr.  Stone, 
experimental  method  may  not   be   theoretically    accurate,  Init  most 
engineers  will  agree  that  for  practical  purposes  it  is  sufficiently  satis- 
factory. 

On  the  experimental  method,  when  a  sufficiently  wide  range  of  ex- 
periments had  been  made,  a  series  of  coefficients  would  be  obtained 
representing  (for  the  class  of  structure  dealt  with),  the  enhanced  effect 
of  Moving  Load  as  compared  with  the  same  weight  as  Fixed  Load 
under  varying  conditions.  The  coefficients  thus  obtained  would  be 
used  as  the  basis  for  a  formula  or  diagram  for  future  use  in  the  de- 
termination of  the  Safe  Working  Stress  or  Equivalent  Effective  Stress 
on  similar  structures. 

As  regards  the  nature  of  experiments  required,  the  author  would 
invite  attention  to  the  remarks  made  by  Mr.  J.  A.  L.  Waddell  in  1892,* 
and  also  in  the  present  discussion.  The  author  entirely  agrees  with 
Mr.  Waddell,  and  hopes  that  before  long  a  really  good  series  of  ex- 
periments in  the  direction  indicated  may  be  undertaken  by  skilled 
observers  on  a  properly  organized  system. 

When  this  has  been  done,  and  the  results  analyzed  and  compared, 
it  may  be  found  advisable  to  adopt  a  different  series  of  coefficients  for 
each  different  design  of  bridge,  or  for  each  different  class  of  members; 
and  any  desired  degree  of  refinement  in  rules  or  formulas  may  then  be 
adojjted.  Meantime  the  author  ventures  to  hope  that  the  average 
results  already  obtained  and  published  in  this  paper  may  be  found  of 
use  to  the  profession  as  indicating  approximately  the  general  con- 
ditions and  the  nature  of  the  effects  to  be  jjrovided  for,  and  as  i)rovid- 
iug  a  sufficiently  good  basis  for  an  approximate  rule  or  formula  which 
may  be  elaborated  and  improved  when  better  data  become  available. 

*  "Discussion  on  Railway  Bridge  Designing."  Traiisactions,  Am.  Soc.  C.E.,  1892,  Vol. 
xxvi,  pp.  276  and  277. 
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DRY  DOCKS— STONE  vs.  WOOD. 


By  Messrs.  W.  L.  Cathcakt,  Geoege  W.  Melville,  M.  T.  Endicott, 
E.  G.  Packard,  P.  C.  Assekson,  J.  G.  Tait,  John  Kennedy,  James 
Ritchie,  Fkancis  Collingwood,  Charles  H.  Haswell,  Feancis  T. 
Bo^TiES,  Alfred  P.  Bollee  and  Edward  Mohun. 

An  Informal  Discussion  at  a  Meeting  of  the  Society  on 
February   10th,  1899. 


Mr.  Cathcart.  WiLLiAM  Ledyard  Cathcart,  Esq. — The  modern  war  vessel  is  prae- 
ticaliv  helpless  without  the  dry  dock,  in  which  she  must  be  placed 
periodically  for  the  cleansing  of  the  hull,  and,  with  more  or  less  fre- 
quency, for  the  examination  and  repair  of  all  exterior  parts  below  the 
water  line.  The  exi^ansion  of  the  fleet  and  that  of  the  system  of  national 
dry  docks  should,  then,  go  hand  in  hand;  and  yet,  with  a  rehabilitated 
navy,  which  is  already  formidable  in  strength,  the  United  States  is 
far  behind  the  other  great  i^owers  of  the  world,  not  only  in  the  num- 
ber, but  apparently  in  the  material,  of  its  dry  docks.  Of  the  eleven 
which  this  Government  now  controls  and  operates,  only  four  are 
of  masonry,  the  remainder  being  timber  constructions  ;  and  it  is 
proposed  further,  in  recent  legislation,  to  build  three  more  docks  of 
wood. 

Practice  of  Foreign  Governments. — The  practice  of  foreign  govern- 
ments differs  widely  from  this.  In  EuroiDC,  not  only  national  graving 
docks,  but  all  great  modern  works  of  this  kind  are  constructed  of 
stone  or  concrete  masonry.     Thus,  the  British  Government  owns  or 
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controls  sixty -two  graving  docks — some  of  wliicli  are  locks,  whicli  Mr.  Cathcart. 
answer  the  purposes  of  dry  docks — and  only  one  of  these  is  of  tim- 
ber, that  at  St.  John's,  Newfoundland,  which  was  built  by  the  Colonial 
Government.  France  has  thirty-six,  Germany  has  eleven,  and  Italy 
has  twelve,  graving  docks,  all  of  which;  in  the  three  countries,  are  of 
masonry.  In  Germany,  a  large  dry  dock  was  recently  designed  for  a 
corporation  there,  which  was  to  be  subsidized  by  the  Government. 
When,  however,  the  dock  company  proposed  to  use  timber  as  the 
materia],  the  Government  declined  to  aid,  and  it  was  only  upon  con- 
dition that  the  dock  be  of  masonry  that  the  subsidy  was  finally 
granted. 

It  will  be  seen,  then,  that  the  United  States  Government  is  the 
only  one  in  the  world  which  has  constructed,  directly,  a  timber  dry 
dock.  The  governments  of  Europe  have  considered  it  the  policy  of 
wisdom  to  build  these  important  works  of  the  most  enduring  materials, 
without  regard  to  cost.  This  decision  has  been  reached,  doubtless,  in 
view,  not  only  of  the  natural  decay,  the  frequent  repairs  and  the  large 
expense  thereof,  to  timber  dry  docks,  bxit,  as  well,  because  of  the  su- 
perior stability,  permanence  and  safety  of  a  dock  which  is  built  of 
stone  or  concrete. 

Timber  vs.  Stone  in  Dry  Dock  Construdion,  with  Regard  to  Deteriora- 
tion.—Timber  dry  docks  are  subject  to  decay,  esj^ecially  in  the  upper 
portions  of  the  works,  which  are  alternately  wet  and  dry.  The  de- 
terioration is  esi^ecially  swift  in  a  warm,  moist  climate;  but,  even  in 
northern  latitudes,  where  decay  is  much  slower,  docks  built  of  wood 
require,  in  about  25  years,  very  extensive  renewals.  In  southern 
waters,  submerged  timber,  also,  perishes  rapidly  from  the  attacks  of 
the  teredo. 

On  the  other  hand,  the  masonry  dock,  if  built  of  granite  or  other 
enduring  stone  and  mortar  of  the  best  Portland  cement,  is  a  perma- 
nent work.  In  the  older  stone  dry  docks  of  the  United  States,  where 
the  mortar  was  made  with  native  hydraulic  cements,  the  masonry  has 
suffered  some  injury  to  the  joints  of  the  entrance  works,  from  which 
there  was  resultant  leakage.  This  has  occurred  to  a  small  extent,  with 
the  docks  at  Boston  and  Norfolk;  but  there  has  been  no  serious 
dislocation  of  the  masonry,  and  the  small  amount  of  leakage  has  in- 
jured the  structure  in  no  way  and  has  involved  little  expense  for  re- 
newal. These  two  docks,  although  sixty-five  years  old,  have  had  in- 
considerable repairs  to  the  masonry.  The  same  action,  from  the  same 
cause,  took  place  with  the  stone  dock  at  the  Brooklyn  Navy  Yard.  In 
this  case,  owing  to  the  strong  pressure  from  springs  upon  the  site, 
the  disintegration  of  joints  by  frost  was  considerable,  and  there  was 
heavy  leakage.  Eepairs,  made  in  the  best  manner,  were,  however, 
Avholly  effectual.  As  a  general  principle,  it  may  be  broadly  stated 
that  it  is  possible  to  make  a  masonry  dry  dock  absolutely  water  tight. 
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Mr.  Cathcart.  Cost  of  Maititenance  of  the  Various  Stone  and  Timber  Dry  Docks  of  the 
United  States  Navy. — The  relative  values  of  stone  and  timber  in  dry-dock 
construction  may  be  considered,  first,  with  regard  to  the  cost  of  main- 
tenance of  the  docks,  and,  secondly,  with  regard  to  their  stability  and 
safety.     The  first  consideration  only  will  l)e  discussed  herein. 

As  to  this  maintenance,  it  is  obvious  that  the  proper  basis  of  com- 
parison is  the  relative  costs  of  repairs  to  the  structures  proper,  not 
including  the  accessories,  such  as  pumping  plant,  caisson,  floating 
gates,  etc.,  inasmuch  as  the  cost  of  maintenance  of  the  latter  should 
be  the  same  in  all  similar  docks,  without  regard  to  the  material  of 
construction  of  the  dock  projier.  The  history  of  the  national  dry 
docks  of  the  United  States  is  instructive  in  this  respect. 

Stone  Dry  Dock  at  the  Navy  Yard,  Boston. — This  dock  was  com- 
pleted in  March,  1834.  The  record  of  its  repair  and  maintenance 
prior  to  1866  is  incomplete  and  not  readily  accessible.  From  that 
time,  however,  to  September  1st,  1897,  a  period  of  31  years,  the 
expenditures  for  these  items  were  as  follows: 

Kepair  and  maintenance  of  dock  proper .^62  000. 

Pumping  plant $53  764 

Caisson  and  swinging  gate 14  899 

68  663 

Total $130  663 

Average,  for  dry  dock  proper,  per  year 2  000 

It  will  be  observed  that  less  than  half  of  the  total  amount,  or  47%, 
was  expended  ujjon  the  dry  dock  proper. 

Stone  Dry  Dock  at  Norfolk,  Va. — This  dock  was  biiilt  of  cut  granite, 
upon  the  same  plans  as  the  dock  at  Boston.  The  early  records  as  to 
its  maintenance  are  not  available.  From  1882  to  1897,  a  period  of 
15  years,  the  exj^enditures  were  as  follows: 

Repair  and  maintenance  of  dock  proper $18  776 

Pumping  plant $12  108 

Caissons  or  floating  gates 30  546 

42  654 

Total $61  430 

Average,  for  dry  dock  proper,  jjer  year 1  251 

It  will  be  noted  that  the  expenditures  tijion  the  dock  i^roper  are 
but  30%  of  the  total. 

Stone  Dry  Dock  at  Brooklyn,  N.  Y. — This  dock  was  completed  in 
1851.  The  figures  for  this  dock  do  not  comjjare  favorably  with  those 
already  given,  owing  to  the  character  of  the  soil  in  which  it  was  con- 
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structecl  aud  to  the  quality  of  tlie  cement  used  in  tbe  joints.  Many  Mr.  Cathcart. 
difficulties  were  encountei-ed  with  the  foundations,  arising  from  the 
large  springs  upon  the  site,  which  were  never  driven  entirely  from 
the  locality.  The  stratum  through  which  the  springs  flowed  was  30 
ft.  below  the  foundations.  As  the  water  was  entirely  fresh,  as  its  vol- 
ume was  not  affected  by  the  rise  and  tall  of  the  tides,  and  as  the  tem- 
l^erature  differed  from  that  of  the  water  in  the  bay,  it  is  unquestion- 
able that  the  flow  came  from  a  source  much  higher  than  tide-water. 

Again,  the  mortar  used  in  the  construction  of  this  dock  was  not 
made  from  the  fine  Portland  cement  manufactured  at  the  present  day, 
but  from  the  hydraulic  cements  which  were  used  in  all  structures  of 
its  type  at  the  time  of  its  building. 

The  heavy  pressure  from  the  springs  referred  to,  combined  with 
the  inferior  quality  of  the  cement,  and  the  action  of  frost,  tended  to 
produce  disintegration  of  the  masonry,  to  some  extent,  with,  in  con- 
sequence, very  considerable  leakage,  thus  necessitating  during  the 
fiscal  years  1886-87  and  1887-88,  extensive  repairs,  amounting  to 
about  .^88  000.  It  became  essential  to  take  \\p  and  relay  most  of  the 
masonry  at  the  entrance  and  a  small  portion  at  the  head.  The  re- 
pairs, made  with  great  care,  aud  with  the  best  Portland  cements, 
were  wholly  successful,  and,  during  the  10  years  which  have  passed 
since  their  comijletion,  there  have  been  no  signs  of  failure  of  the 
masonry,  to  any  extent. 

Despite  these  adverse  conditions,  the  total  cost  of  rejjairs  and 
maintenance  of  the  dock  proper,  for  45  years  ending  with  1897,  has 
been  but  i$'210  618,  or  an  average  of  $4  680  per  year.  The  cost  of  re- 
jjairs  to  the  caisson,  gates,  etc.,  during  the  same  period,  was  369  762. 
The  cost  of  maintenance  of  the  jpumping  plant  during  this  time  is  not 
available. 

Stone  Drij  Dock  at  Mare  Island,  Cat. — This  dock  was  completed  in 
1891.  Since  that  time,  up  to,  and  including  1897,  the  expenditures 
have  been  as  follows: 

Repair  and  maintenance  of  dock  proper §1  613 

Pumping  plant $8  258 

Caisson  or  floating  gate 4  534 

12  792 

Total $14  405 

Average,    for   dry   dock    proper,    per   year,    during  this 

period  of  7  years $230 

The  expenditures  upon  the  dock  proi^er  were,  in  this  case,  but  11% 
of  the  total.  It  will  be  observed  that  the  figures  given  do  not  include 
the  cost  of  a  40-ton  crane  and  track,  and  of  a  spare  caisson  which  was 
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Mr.  Cathcart.  provided  as  a  relief  in  case  of  repairs  to  the  original.  In  some  pub- 
lished comparisons,  to  be  later  referred  to,  a  large  proportion  of  these 
items  would  seem  to  have  been  charged  erroneously  against  repairs  to 
the  dry  dock  proper. 

Similar  expenditures  upon  the  wooden  dry  docks  of  the  Navy  will 
now  be  considered. 

Timber  Dry  Dock  No.  2,  Navy  Yard,  N  Y. — This  dock  was  com- 
pleted in  1890.  The  expenditures  upon  it  for  the  first  7  years  of  its 
life  were  as  follows: 

Kepair  and  maintenance  of  dock  proper   %\  982 

Pumping  plant $3  086 

Caisson,  gates,  etc 12  706 

15  792 

Total 1^17  774 

This  would  give,  during  this  period,  an  average  cost  of  repairs  per 
year,  to  the  dock  proper,  of  but  $283;  but  the  story  does  not  end 
here.  The  timber  work  of  this  dock  has  deteriorated  considerably, 
and  an  inward  movement  of  the  abutments  has  taken  place.  The 
dock,  in  consequence  of  these  defects,  was  surveyed  by  a  board  of 
civil  engineers  in  1898,  and  its  condition  was  such  that  they  recom- 
mended an  entire  remodeling  and  reconstruction  of  the  entrance  in 
concrete  instead  of  timber.  At  its  last  session.  Congress  appropriated 
the  sum  of  §300  000  for  making  these  repairs. 

If  this  work  be  completed  in  the  year  1900,  the  dock  will  have 
cost,  for  rej^airs  and  maintenance,  during  the  first  10  years  of  its  life, 
§317  774;  and,  for  the  dry  dock  structure  proper,  §301  982;  or  an 
average  of  §30  198  per  year. 

It  is  quite  true  that  this  large  sum  for  repairs  in  concrete  is  much 
more  than  would  be  the  cost  of  the  work  in  timber;  and  yet  the  Navy 
Department  has  considered  the  expenditure  necessary  in  order  to 
make  the  dock  wholly  triistworthy. 

Timber  Dry  Dock  at  the  Navy  Yard,  League  Island. — This  dock  was 
completed  in  1891.  During  its  first  6  years  of  life,  the  expenditures 
upon  it  were  as  follows: 

Repair  and  maintenance  of  dock  proper §10  202 

Pumping  plant §3  632 

Caisson 113 

3  745 

Total §13  947 

Average,  for  dry  dock  proper,  per  year §1  700 
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The  upper  portion  of  the  timber  work,  however,  has  decayed,  to  a  Mr.  Cathcart. 
very  great  extent,  and  there  has  been  an  inward  movement  of  the 
abutments  which  has  threatened  an  increase  sufficient  to  prevent  the 
seating  of  the  caisson  in  its  groove.  In  view  of  these  facts,  Congress, 
at  its  last  session,  appropriated  ^64  000  for  repairs.  If  these  repairs 
be  completed  during  the  present  year,  the  dock  will  have  cost,  within 
the  first  9  years  of  its  life,  $77  947;  and  the  repairs  and  maintenance 
of  the  structiire  proj)er,  !S74  202,  an  average  of  $8  245  per  year. 

Timber  Dry  Dock  No.  3,  Navy  Yard,  N.  Y. — This  dock  was  com- 
pleted in  the  spring  of  1897.  In  the  2  years  of  its  existence,  it  has 
cost  $171  000  for  repairs,  an  average  of  $85  500  per  year. 

These  extraordinary  expenditures,  it  is  but  just  to  say,  resulted 
from  a  failure  of  the  dock,  due  to  faults  in  the  construction,  not  in 
the  design.  If  the  Avork  had  been  faithfully  carried  out,  the  injuries 
would  not  have  occurred,  and  the  expenditures  for  repairs,  during 
these  2  years,  would  probably  have  been  merely  nominal.  On  the 
other  hand,  the  failure  was  of  a  character  which  could  not  have 
occurred  in  a  masonry  or  concrete  dock. 

Timber  Dry  Dock,  Navy  Yard,  Norfolk,  Va. — This  dock  was  com- 
pleted in  1889.  The  expenditures  upon  it  to  June,  1897,  or  during 
the  first  8  years  of  its  existence,  were  as  follows: 

Eejaair  and  maintenance  of  dock  proj^er $13  576 

Pumping  plant $8  312 

Caisson  or  floating  gate 1  532 

9  844 

Total $23  420 

Average,  for  dry  dock  proper,  per  year $1  697 

Since  the  date  given  above,  however.  Congress  has  made  two 
appropriations  for  repairs  to  the  structure,  aggregating  $35  000. 
These  will  have  been  expended  within  a  few  months,  making  the  total 
cost  for  repairs  to  the  dry  dock  structure  proper  during  its  10  years  of 
life  $48  576,  an  average  of  $4  857  per  year. 

Timber  Dry  Dock  at  Port  Royal,  S.  C.  — TMs  dock  was  completed  in 
1895.  For  the  first  2  years  the  repairs  upon  the  dry  dock  structure 
proper  amounted  to  $4  262,  an  average  of  $2  131  per  year. 

Since  this  period,  however,  about  $12  000  have  been  expended  in 
repairs  to  the  structure,  making  for  4  years  a  total  of  $16  262,  or  an 
average  of  $4  065  per  year. 

In  summing  up,  finally,  the  relative  cost  of  maintenance  of  the 
stone  and  wooden  docks  of  the  navy,  the  stone  docks  at  Boston,  Nor- 
folk and  Mare  Island  will  be  considered  and  that  at  New  York 
omitted,  because,  from  the  character  of  its  foundations  and  the  cement 
used   originally   in   its  construction,  it  is  not   fairly   representative. 
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Mr.  Cathcart.  From  the  wooden  docks  there  will  be  omitted  also  Timber  Dry  Dock 
No.  3,  at  New  York,  the  large  expenditures  for  which  are  due  to  faults 
in  building;  but  the  timber  docks  at  New  York,  League  Island,  Nor- 
folk and  Port  Royal  will  be  included  (see  Table  No.  1). 

It  will  be  seen  that  the  dates  previously  set  forth  herein,  cover  for 
the  three  stone  docks,  an  average  period  of  17|  years,  and  for  the  four 
timber  docks  an  average  period  of  but  8}  years,  which  period  is,  how- 
ever, as  long  as  the  age  of  the  latter  i^ermits.  The  total  expendi- 
ture on  the  structures  proper  has  been,  for  the  three  stone  docks, 
§82  389,  or  an  average  of  i$27  463  jier  dock  during  the  average  period 
of  17f  years.  The  corresponding  cost  of  the  four  timber  docks  has 
been  §441  022,  or  an  average  of  .f  110  255  per  dock  during  their  aver- 
age life  of  8^  years.  The  average  per  dock  structure  proper  per  year 
on  the  basis  of  the  figures  given  above  is,  for  the  stone  docks,  iffl  558; 
for  those  of  timber,  1B13  364,  or  more  than  eight  and  one-half  times 
as  much.  Results  such  as  these  would  seem  to  make  most  question- 
able the  further  use  of  timber  in  the  building  of  national  docks. 

Disregarding,  however,  all  comparisons,  the  fact  remains  that  the 
four  timber  docks  referred  to  have  cost  in  repairs  to  the  structures 
projier  during  an  average  life  of  84  years  in  expenditures  and  sums 
apiaropriated  the  large  amount  of  §441  022.  As  has  been  said,  the 
failure  of  Timber  Dry  Dock  No.  3,  at  New  York,  was  of  a  character 
which  could  not.  have  occurred  in  a  masonry  or  concrete  dock. 
There  is  ground,  therefore,  for  adding  the  cost  of  repairs  upon  its 
structure  to  the  above  amount,  which  will  give  a  grand  total  of  $612  022 
expended  in  re^iairs,  during  a  comparatively  brief  period,  to  the  timber 
docks  projier  of  the  navy. 

Puhlished  Comparisons  of  the  Cost  of  Maintenance  of  Stone  and  Timber 
Dry  Docks. — Efforts  have  been  made  from  time  to  time  in  testimony 
before  Congressional  Committees,  in  the  public  press  and  in  jaam- 
phlet  literature,  to  show  that  the  cost  of  maintenance  of  dry  docks 
of  timber  is  much  less  than  that  of  docks  of  stone.  In  1897  the 
Simpson  Dry  Dock  Company,  of  New  York,  issued  such  a  pamjihlet, 
which,  since  it  is  a  i:)ublic  argument  for  timber  and  against  masonry 
as  the  material  of  national  and  other  dry  docks,  may  be  properly  dis- 
cussed herein.  The  pamphlet  states  that  "the  estimated  cost  of 
rej^airs  to  all  of  the  docks  is  based  upon  close  observations  and  our 
experience  of  over  forty  years."  Estimates,  it  may  be  said,  are  not 
facts;  and  it  would  appear  that  the  absence  of  exact  knowledge  as  to 
the  cost  of  maintenance  of  the  various  national  docks  has  led,  in  this 
pamphlet,  to  deceptive  conclusions.  It  should,  as  well,  be  repeated 
emphatically  here  that  a  just  comparison  of  the  maintenance  of  the 
two  classes  of  docks  can  be  based  only  on  the  cost  of  repairs  to  the 
dock  structure  proper,  excluding  all  accessories,  such  as  caissons  and 
pumping  plants. 
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The  Simpson  pamphlet  estimates  the  total  cost  of  repairs  to  the  Mr.  Cathcart. 
Stone  Dry  Dock  at  the  Navy  Yard,  New  York,  from  its  completion  to 
1897,  as  ^250  000,  an  average  of  $5  434  per  year.     Excluding  accessory 
structures,  the  actual  tigures,  as  already  given,  are  i^'210  618,  or  $4  G80 
l^er  year. 

Again,  there  is  given  a  total  of  ^16  000  for  general  repairs  to 
Timber  Dry  Dock  No.  2,  at  the  Navy  Yard,  New  York,  an  average  of 
$923  i:)er  year.  The  facts  are  that  the  repairs  to  the  dock  structure 
proper  were  only  $1  982,  or  .^270  j^er  year;  biit,  as  already  shown,  the 
cost  of  repairs,  renewals  and  reconstruction  of  the  entrance  will  be 
$300  000,  which  will  bring  the  yearly  average  for  repairs  to  the  dock- 
structure  proper  up  to  $30  198.  It  should  be  stated,  however,  that 
when  this  work  is  comjaleted,  no  further  repairs  will,  probably,  be  re- 
quired for  a  considerable  time. 

The  Simpson  figure  for  general  repairs  to  the  Granite  Dry  Dock  at 
Norfolk  since  the  year  1865,  is  $125  000,  or  $3  906  per  year.  It  will 
be  observed  that  this  is  not  claimed  as  an  actual,  but  as  an  estimated, 
expenditure.  In  the  Government  report,  of  the  Board  on  Dry  Docks, 
of  1898,  the  total  repairs  "from  1882  to  1897,  only,  are  given.  It  is  . 
thei-efore  to  be  presumed  that  there  are  no  data  available  as  to  expen- 
ditures during  j^rior  years.  This  rejjort  gives  a  total  oixtlay,  for  these 
15  years,  of  $61  430,  of  which  only  $18  776  were  applied  to  the  structure 
proper,  a  yearly  average  of  but  $1  251.  The  Simpson  estimate  is  from 
the  year  1865,  and  it  is  a  matter  of  history  that  this  dock  and  its  gate 
were  seriously  injured  by  the  Confederates  during  the  Civil  War. 
Large  amounts  were  spent  in  repairing  the  damage  caused  by  their 
attemi)t  to  blow  up  the  dock,  and,  even  if  the  Simj^son  estimate  be  re- 
ceived as  correct,  it  is  apparent  that  the  bulk  of  the  expenditures  must 
have  been  unusual  and  not  due  to  ordinary  wear  and  tear. 

With  regard  to  the  Timber  Dry  Dock  at  the  Navy  Yard,  Norfolk, 
the  Simpson  Company  estimate  the  repairs  to  the  dock  structure,  up 
to  the  year  1897,  at  $6  000,  or  an  average  of  $818  per  year.  The  expen- 
ditures given  by  the  Government  Dry  Dock  Board  must,  however,  be 
regarded  as  authentic.  These  show,  on  analysis,  that  during  this 
period  the  rejiairs  to  the  structure  jjroper  of  this  dock  amounted  to 
$13  576,  or  an  average  yearly  cost  of  $1  697,  and  when,  in  the  current 
year,  the  rejmirs  apj^ropriated  for  and  now  being  made  are  completed, 
the  average  annual  expenditure  will  have  been  $4  857  upon  the  dry 
dock  structure  proper. 

The  Granite  Dry  Dock  at  the  Boston  Navy  Yard  is  estimated,  in 
the  Simpson  pamphlet,  to  have  cost  for  general  repairs,  from  its  com- 
pletion to  1897,  $150  000,  or  a  yearly  average  of  $2  343.  The  Dry 
Dock  Board  gives  the  total  expenditures  from  1866  to  1897  as  about 
$131  000,  of  which  one-half  was  upon  the  dry  dock  structure  proper, 
making  an  average  yearly  expenditure  upon  the  latter  of  about  $2  000. 
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Mr.  Cathcart.  No  precise  record  seems  to  have  been  available  giving  the  cost  of 
reftairs  in  detail  prior  to  18GG;  but  the  Board  states  that  during  the 
years  1855  and  1857  about  $il  000  ^vere  expended  upon  new  engines. 
It  is  more  than  probable  that  the  repairs  to  the  dry  dock  structure 
proper,  from  the  time  of  its  completion  down  to  1866,  were  very 
slight,  since  the  annual  rejaort  of  the  Chief  of  the  Bureau  of  Yards  and 
Docks  for  the  year  1858  states  that  the  stone  dry  dock  at  Norfolk  had 
then  been  in  use  for  twenty  years,  and  was  in  perfect  condition. 

It  would  appear,  therefore,  that  at  least  '$21  000  of  the  general  re- 
pairs, estimated  in  the  Simpson  pamphlet  at  .1fl50  000,  must  have  been 
applied  to  the  pumping  plant  prior  to  1866,  and,  if  this  estimated 
total  of  general  repairs  is  correct,  the  average  expenditures  upon  the 
dry  dock  structure  jjroijer,  from  its  erection  to  the  year  1897,  must 
have  been  very  much  less  than  $2  000  per  year,  probably  about  half 
that  amount,  since  the  Dry  Dock  Board  gives  about  $G5  500  as  the  ex- 
penditures upon  accessories  from  1866  to  1897,  and  a  further  amount 
of  $21  000  as  spent  upon  new  engines  in  1 855  to  1857.  These  two  items 
make  a  total  of  $86  500,  which  leaves  but  $63  500  of  the  Simpson  esti- 
mate for  the  maintenance  of  the  structure  proper  during  about  65 
years,  an  average  of  less  than  $1  000  per  year. 

In  referring  to  the  concrete  and  granite  dry  dock  at  Mare  Island, 
Cal.,  the  Simpson  Company  began  their  estimate  of  repairs  from  the 
year  1891.  From  this  time  to  1896,  they  give  the  general  repairs  as 
$25  000;  to  this  they  add  S50  000  for  a  new  caisson — which  was  a  dupli- 
cate and  not  a  replacement — obtaining  thus,  for  general  repairs,  a 
most  erroneous  total  of  $75  000,  with  an  absurd  yearly  average  of 
$12  500.  As  a  secondary  projoosition,  they  state,  that,  if  the  item  of 
the  caisson  be  omitted,  the  repairs  will  average  $i  166  per  year,  and 
add,  finally,  "  this  is  claimed  to  be  a  modern,  stone  dry  dock  in  every 
respect." 

These  estimates  will  now  be  studied  in  the  light  of  the  facts.  A  state- 
ment, as  to  the  actual  expenditures  upon  this  structure  and  its  acces- 
sories, obtained  upon  inquiry,  gives  the  total  for  repairs,  from  the 
dock's  completion  in  1891  to  1897  inclusive,  as  only  $14  406.86,  of 
which  amount  $8  258.55  were  upon  the  i^umping  plant,  $4  534.59  upon 
the  caisson,  etc.,  and  but  $1  613.72  upon  the  dock  proper,  an  average 
of  $280.53  per  year  during  this  period  of  7  years.  The  average  ex- 
penditure for  general  repairs  was  $2  058.12,  which  figure  is  just  half 
of  the  corresponding  Simpson  estimate. 

The  cost  of  the  caisson  mentioned  has  no  bearing  either  on  facts 
or  estimates  as  to  repairs.  It  is  a  duplicate,  built  as  a  relief  for  that 
within  the  dock,  and  its  cost,  $50  000,  belongs  to  equipment,  not  to 
repairs.  There  is  no  i^lace  at  or  near  Mare  Island  where  an  injured 
caisson  could  be  docked;  and,  in  view  of  this  isolated  situation,  the 
Navy  Dei^artment  decided  to  have  the  duplicate  built. 
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The  erroneous  estimate  of  $25  000   for   general  repairs,  as  given  Mr.  Caihcart. 
above,  can  be  accounted  for  only  by  the  sujiposition  that  there  were 
included  therein  certain  expenditures  made  in  1896  for  a  40-ton  crane 
and  track  for  use  about  the  dock, which,  as  with  the  duplicate  caisson, 
must  be  classed  as  equii^ment,  not  repairs. 

It  will  be  seen,  therefore,  that  the  repairs  to  this  "modern  stone 
dock  "  were  practically  insignificant,  in  respect  of  the  structure  proper 
and  exclusive  of  the  accessories,  which  are  of  a  class  belonging  to  all 
dry  docks. 

The  Simpson  statement  as  to  the  timber  dock  at  the  Navy  Yard, 
Laague  Island,  gives  an  amount  of  $10  000  for  repairs  and  improve- 
ments from  March  4th,  1891,  to  January,  1897,  a  period  of  about  6 
yeirs.  By  deducting  -SI  009  for  raising  the  coping  and  $5  000  for  re- 
pairs caused  by  the  method  of  carrying  out  the  work  upon  an  adjacent 
wharf,  the  cost  of  maintenance  of  the  dock  is  reduced  to  a  total  of 
$1  000,  and  an  average  of  $166.67  per  year. 

As  has  been  shown  jireviously.  Congress  has  appropriated  $64  000 
for  repairs  to  be  made  during  the  present  year  to  the  structure  proper 
of  this  dock.  It  is  scarcely  necessary,  therefore,  to  challenge  the 
estimate  as  above,  since  this  ajjpropriation  alone  gives  a  yearly  average 
of  over  $7  000  for  repairs  to  the  dock  proper. 

The  timber  dry  dock  at  Port  Royal.  S.  C,  was  not  built  by  the 
Simpson  Dry  Dock  Company.  Their  pami3hlet  gives  an  estimate  for 
general  repairs  to  dock  and  accessories  of  $5  000  for  the  2  years,  or 
$2  500  per  year.  This  yearly  average  is  believed  to  be  siibstantially 
correct. 

In  concluding  the  analysis  of  the  cost  of  maintenance  of  the  various 
national  dry  docks,  as  estimated  in  the  pamphlet  issued  by  the  Simp- 
son Dry  Dock  Company,  it  is  desirable  to  state  that  this  analysis  has 
been  undertaken  only  in  view  of  the  fact  that  this  company  is  fore- 
most among  the  advocates  of  timber  dry  docks,  and  that  its  arguments, 
as  published  in  this  j)amphlet,  and  as  presented  to  the  Naval  Commit- 
tees of  the  two  Houses,  have  had  much  influence  in  shaping  the  action 
of  Congress  with  regard  to  the  material  of  construction  for  the  national 
dry  docks. 

In  considering  the  cost  of  rejjairs  to  timber  dry  docks,  as  given  in 
this  pamphlet  and  in  other  arguments  presented  by  the  advocates  of 
modern  docks,  it  will  be  noted  that  the  timber  docks  of  the  Navy,  which 
are  cited  as  examples  of  the  small  expense  of  maintenance  for  this 
material,  range  in  age  from  but  2  to  10  years.  Being  thus  practically 
new,  it  is  obvious  that  their  deterioration  cannot  have  jjrogressed  suffi- 
ciently to  give  a  true  indication  of  the  cost  of  repairs  in  the  long  run. 
For  a  correct  estimate  as  to  the  latter,  the  comparison  must  extend 
over  a  period,  at  the  close  of  which  decay  shall  have  reached  such  a 
stage  that  it  will  be  nesessary  to  make  repairs  sufficiently  extensive  to 
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Mr.  Cathcart.  restore  the  dock  to  its  original  sound,  condition.  In  other  words,  make 
the  comi^arison,  not  on  repairs  for  temporary  patch-work,  but  on  the 
reconstruction  of  a  fair2:>ortion  of  such  a  dock,  built,  as  it  is,  of  perish- 
able material. 

Even  such  eomijarisou  as  it  has  been  laossible  to  give  herein,  from 
the  data  of  these  practically  new  timber  docks  of  the  Navy,  will  show, 
however,  that  their  yearly  cost  of  maintenance,  as  presented  by  the 
advocates  of  wooden  structures,  is  misleading  and  far  below  a  correct 
measure  of  this  item.  These  docks  are  certainly  equal,  if  not  superior, 
to  the  average  of  timber  dry  docks  constructed  elsewhere.  It  is  not 
possible  to  admit  that  their  care  is  in  incompetent  hands;  and  yet,  it 
is  clearly  apparent  that  their  cost  of  maintenance  is  very  large,  exceed- 
ing greatly  that  given  in  the  pamphlet  referred  to  and  in  other  reports. 

The  comiJarison  instituted  herein  has  been  based  upon  the  cost  of 
repairs  to  the  dry  dock  structure  j^roijer.  The  advocates  of  timber 
construction  seem  to  prefer  a  comparison  founded  on  the  entire  general 
repairs  of  the  docks,  including  all  accessories,  such  as  caisson,  pump- 
ing plant,  etc.  It  is  submitted,  that,  even  if  the  latter  method  were 
proper,  the  showing  which  has  been  presented  to  the  public  is  unfair, 
in  that  the  timber  docks,  being  from  but  2  to  10  years  old,  have  not 
reached  a  time  when  these  accessory  structures  require  renewals  or  ex- 
tensive repairs.  To  obtain  correctly  this  yearly  average  for  general 
repairs,  which  timber  advocates  prefer,  this  stage  of  renewals  to  acces- 
sories must  be  awaitsd.  When  it  shall  have  been  reached,  it  is  plain 
that  the  comparison  will  be  much  more  unfavorable  to  the  wooden 
dock. 

With  regard  to  the  stone  docks  of  the  Navy,  it  must  be  said,  also, 
that  the  cost  of  their  maintenance,  as  presented  by  their  opponents,  is 
largely  misleading.  The  comparisons  given,  as  to  these  docks,  by 
timber  advocates,  are  founded,  not  upon  the  maintenance  of  the 
structure  proper,  but  upon  the  general  rej^airs  to  the  dock  and  its 
entire  accessories — a  jjrinciple  which  is  obviously  wrong.  The  errors 
arising  from  the  adoption  of  this  method  are  magnified  in  this  case  by 
the  very  considerable  age  of  the  majority  of  these  four  docks,  two  of 
them  being  65,  and  one  48  years  old.  The  rej^airs  to  the  accessories 
form,  therefore,  a  very  large  proportion  of  the  total  cost  of  main- 
tenance, amounting,  wdth  the  dock  at  Norfolk,  for  15  years,  to  70%  of 
the  total;  with  that  at  Boston,  for  31  years,  to  53%";  and  with  that  at 
Mare  Island,  for  7  years,  to  89  per  cent.  The  maintenance  of  the 
timber  docks,  on  the  other  hand,  if  including  repairs  of  all  kinds,  has 
not,  because  of  their  youth,  comprised  any  considerable  exi^enditures 
U23on  caissons,  gates  or  pumping  machinery. 

In  summation,  it  may  be  said  that  the  data  set  forth  herein  would 
appear  to  show  conclusively  that  the  average  yearly  exjienditure  for 
the  rej)air  and  maintenance  of  a  masonry  dock,  built  in  the  best  manner 
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and   of   suijerior   materials,  is   incousiderable,  botli  in  the  aggregate  Mr.  Cathcart, 
and  in   the  percentage   of   the  original  cost;   while   the   same   items, 
with  regard  to  the  timber  docks  of  the  Navy,  are  unquestionably  very 
large. 

In  view  of  the  fact,  that,  for  10  years  past,  the  Government  has 
been  practically  committed  to  the  policy  of  timber  docks,  having, 
within  that  period,  built  six  of  this  material,  and,  of  the  further  fact, 
that,  by  recent  legislation,  three  more  of  these  striictures  are  author- 
ized, the  subject  is  presented  to  the  members  of  this  Society  for  dis- 
cussion. The  growth  of  the  United  States  as  a  nation,  and  the  results 
of  the  recent  war,  foreshadow  an  early  and  considerable  increase  in 
the  force  afloat.  The  defense  of  a  coast  line,  extraordinary  in  extent; 
the  acquirement  of  territory  beyond  the  sea,  which  must  be  held — as 
it  was  won — largely  by  the  Navy;  the  probable  entry  of  the  United 
States  into  Asiatic  politics;  and  the  prospective  revival  of  the  mer- 
chant marine,  which  the  fleet  must  lead  and  guard — all  point  to  this. 
The  full  consideration  of  any  factor,  therefore,  which  is  essential  to 
naval  strength — as  a  trustworthy  system  of  dry  docks  surely  is — must 
be  of  interest,  not  only  to  the  engineer,  but  to  every  man  who  has  at 
heart  the  welfare  of  the  country's  gallant  fleet. 

Table  No.   1. 


Dock. 

Years. 

Total 

on 

dock  proper. 

Average, 

dock  proper 

per  year. 

Previous 

average  per 

year. 

Stone,  Boston 

31 
15 

$63  000 
18  776 
1613 

$2  000 

Stone,  Norfolk 

1251 

Stone.  Mare  Island 

230 

Totals 

53 
1<3 

$83  389 
27  463 

■»i'558*. 

$3  481 

Average    

1  160 

Timber,  No.  2,  New  York 

Timber.  League  Island 

Timber,  Norfolk 

10 
9 

10 
4 

$301  982 
74  203 
46  576 
16  262 



$30  1P8 
8  215 
4  857 

4  065 

Totals 

33 

8i 

$441  023 
110  255 

$13364* 

$47  365 

11841 

*  The  item  $1  558  is  on  the  basis  of  three  docks  at  17j  years  per  dock.  Similarly,  the 
item  $13  364  is  based  on  four  docks  at  8j  years  per  dock:  $13  .364  is  about  8A  times  $1  558; 
or,  taking  previous  averages,  $11  841  is  about  10  times  $1  160. 

Commodore  Geoege  W.  Melville.* — This  subject,  in  the  speaker's  Com.  MeUille. 
opinion,  is  of  prime  imj)ortance  to  the  further  development  and  main- 
tenance of  that  strength  upon  the  sea,  of  which — more  and  more  as  the 
years  pass — the  nation  will  find  itself  in  need. 

*  Chief  of  Bureau  of  Steam  Engineering,  U.  S.  N. 


r 


566  DISCUSSION"    ON    DRY    DOCKS. 

Com.  Melville.  With  the  acquirement  of  distant  island  territory,  swarming  with 
bronze-hued  aliens,  "The  White  Man's  Burden,"  of  which  Kipling 
writes,  in  the  civilization  and  enlightenment  of  "  the  silent,  sullen 
peoples,"  is  laid  at  last  on  the  broad  shoulders  of  the  United  States. 
With  this  there  looms  ny)  as  well  a  golden  future  on  the  Pacific,  in  the 
extension  of  the  nation's  trade  to  its  uttermost  island  and  to  the  vast 
Asian  littoral  beyond.  Finally,  the  time  seems  ripe  for  the  merchant 
marine  to  take  again  its  proud  i^lace  as  of  old,  when  its  flag  streamed 
over  every  sea. 

These  considerations  point  with  no  uncertain  hand  to  the  nation's 
need  in  the  early  future  of  a  strong  force  afloat;  and,  in  maintaining 
the  efficiency  of  that  force,  a  worthy  system  of  dock  constru.ction  is  a 
cardinal  essential.  The  speaker  desires,  therefore,  to  place  on  record 
his  opinion— as  he  has  done  in  the  past — with  that  of  the  Secretary  of 
the  Navy,  with  that  of  his  distinguished  colleague,  Commodoi-e  Endi- 
cott,  and  with  that  of  his  predecessor.  Admiral  Matthews,  as  being 
opposed  most  strongly  to  the  flimsy  structures,  costly  in  their  weak- 
ness, which  have  been  built  as  timber  dry  docks  for  the  Navy.  As  to 
the  use  of  wood  for  the  docks  of  private  corporations,  the  speaker  has 
nothing  to  say.  It  is  plentiful  and  cheap;  the  average  draught  of 
merchantmen  is  light;  the  structures  are  less  costly;  and  the  exigen- 
cies of  private  business  may  require  them.  With  Government  con- 
structions, however,  none  of  these  considerations  holds.  A  wise  nation 
builds,  not  only  for  its  generation,  but  for  its  sons  of  the  coming  years; 
and  we,  in  our  day,  are  not  true  to  this  jiriuciple  in  the  timber-ven- 
eered excavations,  perishable  and  perilous,  which,  for  10  years  past, 
have  been  inflicted  upon  the  Navy. 

The  speaker  will  consider,  first,  the  comparisons  which  have  been 
advanced  by  the  o^^ponents  of  stone  docks,  with  regard  to  the  first 
cost  of  the  two  types.  In  this  matter  it  has  been  the  jiractice  of  some 
timber  advocates  to  compare  the  cost  of  wooden  docks,  built  by  con- 
tract for  the  Government,  with  that  of  granite  docks  constructed  in  the 
navy  yards  by  day's  labor,  extending  over  a  long  series  of  years,  as 
ajjproijriations  were  made  from  time  to  time  by  Congress.  Thus,  it  is 
found  that  the  Simpson  Dry  Dock  Comjiany,  in  its  public  arguments, 
has  instituted  such  comparisons  as  to  first  cost  between  its  own  timber 
docks,  built  by  contract  for  the  navy  in  from  22  months  to  2h  years, 
with  stone  docks  the  construction  of  which  by  the  Government  ex- 
tended, respectively,  over  6,  10  and  19  years. 

Such  comparisons  are  grossly  unfair.  The  only  just  system  as  to 
this  woiild  be  to  com^jare  timber  docks  and  stone  docks  built  under 
exactly  the  same  conditions;  that  is,  by  contract,  after  j^ublic  advei'- 
tisement,  under  authority  from  Congress  to  enter  into  contract  for  the 
full  comjaletion  of  the  docks  at  the  earliest  possible  date.  For  the  first 
time  in  the  Navy's  history  it  is  now  iJossible  to  compare  the  relative 
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cost  of  timber  and  masonry  docks  of  approximately  the  same  size  and  Com.  Melville 
to  be  built  iTnder  substantially  the  same  conditions. 

The  projaosals  opened  recently  for  a  dry  dock  at  Boston  will  fnruish 
a  fair  comparison  in  this  respect.  The  lowest  bids  for  this  structure 
show  that  the  Government  will  be  able  to  build  by  contract  a  dock  of 
the  very  largest  .size,  constructed  of  concrete  and  stone  masonry, 
within  the  sum  of  SI  000  000,  or  at  an  advance  of  biit  25%"  u^ion  the 
amount  ajsproj^riated  by  Congress  for  each  of  the  three  timber  docks 
now  authorized.  In  view  of  the  cheapness  of  wood,  as  compared  with 
concrete  and  stone,  it  Avould  appear  either  that  its  manufacture  into  a 
timber  dock  is  a  somewhat  costly  operation,  or  else  that  there  is  a  very 
large  profit  included  in  the  sum  appropriated  by  Congress  for  these 
timber  docks.  The  matters  of  first  cost  and  of  cost  of  maintenance, 
howevei',  are  minor  issues  only,  which  should  have  no  determinate 
bearing. 

The  real  question  is  the  stability  and  safety  of  a  structure  which 
may,  at  any  time,  hold  within  it  a  great  battleship,  costing  millions  of 
dollars  and  swarming  with  hundreds  of  men.  The  nation,  to  save 
dollars,  cannot  afford  to  imperil  its  naval  strength  or  to  risk  human 
life;  and  these  very  things  its  policy  of  unwisdom  as  to  docks  com- 
pels daily  in  the  entrance  of  ships  into  structures  which  have  shown, 
time  and  again,  their  weakness.  None  of  the  timber  docks  of  the 
Navy  exceeds  10  years  in  age,  and  yet  abutments  have  moved  inward, 
and  other  injuries,  more  or  less  serious,  have  occurred  to  them,  ex- 
tending from  the  bursting  in  of  the  altar  system,  as  at  League  Island, 
Port  Koyal  and  New  York,  to  the  distortion  of  the  floor  of  the  dock, 
as  at  Port  Royal,  and  the  partial  collapse,  in  the  case  of  Dry  Dock  No. 
3  at  New  York.  That  no  catastrophe— great  in  financial  loss  and 
appalling  in  the  destruction  of  life—has  yet  occurred,  is  due  solely 
to  the  care  and  skill  of  those  in  charge  of  these  weak  docks.  The 
battleship  Massacliuseits  was  saved— during  the  partial  collapse  of 
Timber  Dock  No.  3  at  New  York — only  by  the  hasty  flooding  of  the 
structure  and  the  hurried  removal  of  the  shij?  from  its  treacherous 
grasp. 

In  discussing  the  relative  strength  of  the  two  types  of  docks,  the 
opponents  of  stone  lay  stress  only  upon  the  capacity  to  withstand  the 
vertical  thrust  of  the  ship  upon  the  flooring  of  the  dock.  The  stone 
dock  may  rest  on  a  bed  of  natural  rock,  or  in  one  of  impervious  clay, 
or  upon  piling  foundations.  The  timber  dock  is  built  always  upon 
piles.  The  calculations  referred  to,  therefore,  in  the  most  diflScult 
cases,  consist  simply  of  those  based  upon  the  strength,  penetration 
and  cross-section  of  the  piling,  involving  but  little  engineering  skill. 
These  statements  are  ex  parte  and  fallacious,  and  ignore  wholly  the 
inherent  and  vital  weakness  of  the  timber  dock,  which  lies  in  its  ten- 
dency to  inward  collapse  under  the  hydrostatic  pressure  horizontally 
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Com.  Melville,  and  from  witliotit,  upou  its  sides,  and  vertically  from  beneatli,  upon 
its  floor. 

No  such  danger  threatens  a  proi^erly  constructed  dry  dock  of 
masonry.  With  good  materials  and  workmanship,  it  is  possible  to 
make  it  absolutely  water-tight,  and  the  structure  has,  in  itself,  a 
weight  more  than  sufficient  to  withstand  the  hydrostatic  pressure  from 
without.  Stone  and  concrete  give  it  that  weight,  and,  since  these 
materials,  when  properly  embodied,  will  last  for  centuries,  that  weight 
can  never  be  lost.  For  all  practical  piirposes,  the  stone  dock  is  as 
enduring  as  the  everlasting  hills. 

With  the  timber  dock  the  case  is  radically  different.  Its  integrity 
— fleeting,  at  best — depends  solely  upon  siiccess  in  pinning  it  to  the 
ground.  Such  a  dock  has  merely  a  thin  veneering  of  timber,  lining 
the  excavation  and  held  down  by  piles  driven  into  the  soil,  to  which 
piles  the  timbers  are  bolted.  It  would  be,  obviously,  both  futile  and 
dangerous  to  attempt  to  exclude  from  such  a  structure  the  entrained 
water  in  the  surrounding  soil.  The  timber  dock,  therefore,  is  one  of 
tight  joints  only  in  the  abutments,  being  open  as  a  sieve  elsewhere, 
and  leaking,  more  or  less,  as  the  amount  of  water  in  the  circumjacent 
ground  is  large  or  small.  It  lacks  utterly,  therefore,  the  tightness 
and  weight  which  give  stability  and  permanence  to  the  dock  of  stone. 

Furthermore,  it  is  ap^sarent  that  this  hydrostatic  pressure — which, 
in  graving  docks,  is  the  chief  force  to  be  met  and  guarded  against — 
increases  with  the  dei)th.  As  this  dimension  increases,  therefore,  the 
more  unfavorable  become  the  conditions  for  the  wooden  dock,  which 
has  relatively  no  inherent  weight  to  oppose  resistance  to  pressure 
from  without.  With 'such  increase,  its  stability  and  safety  suffer 
rapid  decrease,  and  there  is  swift  growth  in  the  tendency  to  rupture 
the  bottom  and  sides.  From  this  point  of  view,  the  question  becomes 
one  of  great  importance  and  risk,  with  regard  to  the  very  deej)  docks 
which  are  now  necessary  for  the  larger  cruisers  and  battleships  of  the 
Navy. 

It  has  been  shown  that  the  leakage  of  the  timber  dock  depends 
simply  upon  the  amount  of  water  j^resent  in  the  adjacent  soil.  Now, 
this  very  leakage,  which  in  one  sense  is  an  element  of  safety  to  the 
structure,  is,  in  another,  a  source,  ultimately,  of  sure  and  grave 
danger;  for  soil  is  carried  in  with  the  leakage,  the  latter  increases, 
and  there  is  disj^laced  finally  so  much  material  as  to  cause  at  least 
a  partial  failure.  This  was  the  case  recently  in  Dry  Dock  No.  3,  at  the 
Navy  Yard,  New  York. 

In  a  stone  dock,  however,  a  leak  is  not  followed  by  such  restilts, 
since  the  structure  is  homogeneous  and  all  joints  are  water  tight.  The 
failure  of  one  or  more  of  the  latter  does  not,  therefore,  involve  neces- 
sarily the  failure  of  others.  As  a  matter  of  fact,  the  stone  docks  at 
the  Navy  Yards  of  Boston  and  New  York  have  leaks  to-day  which  have 
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existed  for  many  years  witliout  measurable  increase  and  without  in-  Com.  Melville, 
volviug  the  structiires  to  any  extent.  It  is  true  that  the  masonry  at 
the  entrance  of  the  Boston  dock  has  been  dispLiced  slightly  by  the 
action  of  frost  upon  the  open  joints;  but  the  weight  of  the  structure 
is  such  that,  if  these  joints  were  all  open,  it  would  still  act  as  a  dry 
retaining  wall  or  arch,  without  danger  of  failui-e. 

At  least  two  of  the  timber  dry  docks  of  the  Navy  suffer  from  ex- 
cessive leakage,  with  its  resultant  dangers.  At  the  Norfolk  yard,  the 
wooden  dock  is  founded  in  a  bed  of  clay  of  excellent  quality,  and  the 
leakage  is  very  small.  That  of  Timber  Dock  No.  2,  at  the  Navy  Yard, 
New  York,  amounts  to  little  more  than  100  galls,  per  minute,  Avhich  is 
moderate,  considering  the  character  of  the  soil.  The  leakage  of  the 
timber  dock  at  Puget  Sound,  is  not  much  more;  but  this  is  due  chiefly 
to  the  fact,  that,  in  the  construction,  provision  was  made  for  admitting 
the  water  from  the  soil,  through  a  system  of  sub-drains  and  valves, 
into  the  drainage  culvert,  and  thence  to  the  pump-well,  from  which  it 
is  discharged  by  the  drainage  pumps.  This  was  done  in  order  to  re- 
lieve, largely,  the  bottom  of  the  dock  from  hydrostatic  pressure. 

With  the  wooden  dock  at  League  Island,  however,  no  such  advant- 
ageous conditions  prevail.  It  has  always  leaked  excessively,  the 
amount  entering  from  the  surrounding  soil  varying  from  1  200  to 
1  700  galls,  per  minute.     This  great  volume  taxes  fully  the  drainage  ' 

ajjparatus  originally  installed;  and,  to  obviate  the  inconvenience  and 
risk  which  would  arise  from  the  failure  of  this  pump,  a  duplicate  ap- 
paratus has  been  erected.  This  duplicate  pump  stands  to-day  an  elo- 
quent, if  silent,  monitor  as  to  the  unwisdom  of  ^he  wooden  dock  for 
national  use.  When  a  ship  is  in  the  dock  and  it  is  necessary  to  keep 
the  floor  dry,  one  of  these  drainage  pumps  runs  constantly. 

At  the  Port  Royal  Dry  Dock,  the  leakage  is  about  the  same,  and  it 
was  found  necessary  to  tit  reliefs  very  largely  in  the  bottom  and  sides, 
in  order  to  prevent  a  recurrence  of  the  upheaval  and  mixture  of  the 
structure,  which  occurred  about  the  time  of  its  completion. 

The  foregoing  has  referred  to  the  stability  and  safety  of  national 
docks  of  wood,  in  the  past.  The  speaker  will  now  examine  briefly  the 
jjrogramme  for  the  future.  In  the  Act  of  Congress,  approved  May  4th, 
1898,  there  were  authorized  four  new  dry  docks  for  the  Navy,  one  each 
at  Portsmouth,  Boston,  League  Island  and  Mare  Island — all  to  be 
of  the  largest  size.  All  these  docks  were  to  be  of  timber,  at  a  cost 
not  exceeding  ^825  000  each;  but  the  Secretary  of  the  Navy  was 
authorized,  in  his  discretion,  to  build  one  of  granite,  or  concrete 
faced  with  granite,  the  limit  of  cost,  in  this  case,  being  increased  by 
^200  000. 

In  the  exercise  of  the  discretionary  powers  lodged  in  him,  the  Sec- 
retary of  the  Navy  decided  to  build  the  dock  at  Boston  of  granite,  or 
concrete  faced  with  granite.     As  stated  previously,  the  bids  for  this 
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Com.  Melville,  dock  fall  considerably  within  the  ai^propriation  and  are  about  25/^  in 
excess  of  the  amount  appropriated  for  each  of  the  wooden  docks. 

The  absiirdity  of  a  further  continuance  of  the  policy  of  extrava- 
gance and  disaster  in  the  building  of  wooden  docks  is  shown,  not  only 
by  the  facts  above  given  as  to  the  relative  costs  of  the  tyjaes,  but  by 
further  facts  with  regard  to  the  soil  in  which  the  proposed  docks  are 
to  be  located.  For  instance,  that  to  be  built  at  League  Island  will 
meet  the  same  adverse  conditions  to  which  its  timber  jiredecessor 
there  has  succumbed.  The  soil  there  contains  a  stratum  of  compact 
sand  and  gravel,  Avhich  is  water-bearing,  and  the  surface-water,  when 
it  meets  this  stratum,  flows  into  the  dock,  the  latter  acting  as  a  huge 
drain.  Shall  there  be  erected  at  League  Island,  more  duplicate 
pumps,  as  costly  monixments  to  the  timber  folly? 

Again,  borings  at  the  possible  sites  for  the  proposed  timber  dock 
at  Portsmouth,  N.  H.,  show,  thus  far,  that  the  excavation  for  this  dock 
must  be  blasted  from  granite,  and  then,  to  comply  with  law,  be  lined 
with  wood.  The  advocates  of  timber  could  ask  no  deeper  devotion  to 
their  theories  and  interests,  than  this. 

In  the  speaker's  view,  Congress  has  acted  in  this  matter  without 
full  knowledge  of  all  that  bears  upon  the  case.  Commodore  Endicott, 
in  a  report  to  the  Secretary  of  the  Navy,  which  has  been  transmitted 
to  Congress,  has  set  forth  the  facts  with  clearness  and  great  strength. 
The  matter  is  of  such  importance  to  the  future  of  our' gallant  fleet, 
that  its  discussion  cannot  be  too  wide.  As  an  engineer  who  has  served 
both  on  land  and  sea,  the  speaker  regards  it,  therefore,  as  a  duty  and 
a  pleasure  to  present  his  views  on  this  subject. 
Com.  Endicott.  M.  T.  Endicott,*  M.  Am.  Soc.  C.  E. — It  is  probable  that  the  first 
dry  docks  wei-e  constructed  in  Great  Britain.  It  is  known  that,  in  the 
time  of  Queen  Elizabeth,  docks  for  th-e  reception  of  vessels  needing 
repairs  were  made  by  excavations  into  the  soil  bordering  water-ways, 
lined  with  timber  and  backed  with  clay  to  x^rotect  the  floor  and  sides, 
and  fitted  with  gates  at  the  entrance  to  shut  out  the  water.  The 
vessels  at  that  time  were  quite  small  and  the  docks  were  of  correspond- 
ing dimensions. 

In  the  time  of  Charles  II  several  docks  were  constructed  in  English 
ports,  for  the  use  of  the  British  Navy,  which  were  of  considerable  size. 
These  were  also  of  timber. 

So  far  as  the  records  now  show,  all  the  earliest  docks  were  of  wood, 
and  were  what  are  now  called  graving  docks;  that  is,  the  dock  was 
formed  by  making  an  excavation  in  the  earth  and  lining  the  bottom 
and  sides,  thus  forming  a  recej^tacle  for  the  vessel,  into  which  it  could 
be  floated,  landed  upon  supj^orts,  and  left  accessible  for  examination 
and  repau's  when  the  water  should  be  exhausted  from  the  dock.  As 
time  went  on,  and  larger  and  better  docks  were  called  for,  the  con- 
*  Chief  of  Bureau  of  Yards  and  Docks,  U.  S.  N. 
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strnctiou  gradually  cliauged,  and  brick  and  stone  came  into  service  for  Com.  Enclicott . 
the  construction  of  certain  portions  of  the  docks,  and  at  present  there 
are  on  the  Thames  many  docks  which  are  built  of  all  these  materials 
in  combination;  that  is,  partly  of  wood  and  partly  of  brick  or  stone, 
and,  in  the  case  of  those  of  later  construction,  of  concrete,  also. 

The  transformation  has  progressed  in  Europe  to  such  an  extent 
that,  at  the  present  time,  practically  all  the  large  docks  are  built  ex- 
clusively of  masonry,  classifying  concrete,  for  the  present  j^urpose, 
iinder  the  head  of  masonry,  although  strictly  speaking  it  is  not.  The 
records,  so  far  as  accessible,  show  that  abroad  there  are  no  construc- 
tions of  this  kind  in  timber.  The  present  Chief  Constructor  of  the 
Navy,  Mr.  Hichborn,  who  visited  Europe  in  1885,  states  that  at  that 
time  the  later  docks  were  built  largely  of  concrete,  and  were  of  the 
most  substantial  consti-uction ;  and  speaking  of  those  on  the  Thames 
(private  docks),  a  number  were  built  of  wood,  but  the  principal  docks 
were  of  masonry  or  concrete. 

Masonry  docks  are  the  outgrowth  of  some  centuries  of  experience 
in  the  construction  and  use  of  works  of  this  kind.  In  foreign  practice, 
it  is  a  case  of  the  survival  of  the  fittest. 

The  first  dry  docks  in  America  were  constructed  by  the  United 
States  Government,  and  were  begun  about  the  year  1828.  Before  these 
were  undertaken,  Congress  authorized  the  Secretary  of  the  Navy  to 
engage  a  skillul  engineer  to  prepare  the  designs  for  these  structures, 
and  Colonel  Loammi  Baldwin,  of  Boston,  Mass.,  was  employed.  He 
came  to  the  duty  well  fitted  for  the  work,  having  prepared  himself  es- 
pecially by  a  visit  to  Europe  for  the  purpose  of  studying  structures  of 
this  class.  With  the  experience  of  the  Old  World  before  him,  he  very 
wisely  decided  to  model  the  structiires  for  this  Government  after  those 
which  had  been  evolved  from  the  ex]:)erience  of  so  many  years  abroad, 
and  he  made  the  two  docks  then  authorized  for  the  Navy,  at  Boston 
and  Norfolk,  the  finest  exanii^les  of  fine  masonry  in  submarine  works 
that  then  existed  in  this  country.  They  were  regarded  as  among  the 
best  and  most  creditable  jaublic  works  built  for  the  Government  up  to 
that  time,  and  were  pointed  to  with  pride  as  works  showing  great  skill 
in  design  and  execution,  and  well  adajited  for  the  purjiose  of  docking 
and  rei^airing  the  vessels  of  the  Navy. 

The  construction  of  these  docks  extended  over  several  years,  and 
they  were  not  completed  until  1834.  They  were  built  at  a  compara- 
tively moderate  cost,  the  Boston  dock  costing  about  $677  000,*  and  the 
Norfolk  dock  about  .^943  000.  Both  were  substantially  founded  upon 
piles,  were  built  entirely  of  stone,  and  were  faced  with  cut  granite  of 
the  finest  quality  and  workmanship. 

The  granite  dry  dock  at  the  Brooklyn  Navy  Yard,  completed  in 
1854,  followed,  and,  for  various  reasons,  was  a  very  expensive  structure, 
*  This  dock  was  afterward  extended  in  length,  bringing  its  cost,  to  date,  up  to  $973  000. 
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Com.  Endicott.  costing  •'^2  000  000;  and  tlien  came  the  dry  dock  at  Mare  Island,  Cal., 
which  is  a  concrete  structure  lined  with  cut  granite. 

In  the  interval  between  the  construction  of  the  Boston  and  Norfolk 
docks,  and  that  at  Mare  Island,  the  Government  built  several  float 
ing  dry  docks  of  wood.  Two  or  three  were  of  the  balance  type,  that 
is,  of  one  section,  and  several  other's  were  of  the  sectional  type,  and  in 
the  case  of  those  300  ft.  or  more  in  length,  the  sections  numbered  as 
many  as  nine.  The  balance  docks  were  used  in  connection  with  shallow 
basins,  as  were  the  sectional  docks,  in  order  that  a  ship,  taken  up  by 
the  floating  dock,  could,  by  the  sinking  of  the  dock  upon  the  floor  of 
the  basin,  be  hauled  out  upon  a  railway  on  shore  for  extensive  rej^airs, 
while  the  dock  could  be  used  for  docking  vessels  for  slight  repairs, 
not  requiring  hauling  out. 

It  is  not  the  purpose  to  discuss  the  merits  of  floating  docks.  This 
is  simply  mentioned  as  an  incident  in  the  history  of  the  dry  docks  of 
the  Navy.  They  had  their  day,  bvit  not  proving  so  satisfactory, 
durable  or  convenient  as  the  masonry  graving  dock,  they  were  not 
replaced.  They  gradually  deteriorated  so  much  as  to  reqiiire  extensive 
rebuilding.  To-day  only  one  of  these  docks  remains  in  service,  that  at 
the  Portsmouth,  N.  H. ,  Navy  Yard,  and  it  is  now  safe  only  for  vessels 
weighing  a  little  more  than  1  000  tons. 

The  timber  graving  docks  of  the  present  day  in  the  United  States 
did  not  originate  in  the  Navy.  They  were  constructed  first  on  the 
Great  Lakes.  A  timber  dock  built  at  Buffalo,  N.  Y. ,  as  early  as  1840, 
was  inspected  by  the  speaker  a  few  years  ago,  when  he  was  assured  by 
the  officers  of  the  company  then  owning  it,  that  it  was  built  not  later 
than  the  year  named.  The  speaker  has  been  led  to  believe,  from  some 
investigations  made  since,  that  it  was  built  even  earlier  than  that  time, 
and  that  the  timber  graving  dock  made  its  appearance  in  this  country 
as  early  as  1837  or  1838.  Others  followed,  and  many  docks  of  this 
type  are  now  to  be  found  in  Buflalo,  Cleveland,  Chicago,  Detroit,  Port 
Huron  and  other  places.  While  they  differ  in  details  from  each  other 
and  from  those  built  on  the  Atlantic  coast,  they  are  all  of  the  same 
general  tyi^e,  in  that  the  excavation  is  lined  entirely  with  wood  secured 
to  piles  driven  in  the  bottom  and  upon  the  slojies  of  the  sides,  and 
faced  with  longitudinal  timbers,  forming  steps  or  altars  upon  the 
sides. 

The  first  timber  dry  dock  built  upon  the  Atlantic  Coast  was  at 
Boston,  Mass.,  in  1854,  fully  14  years  after  the  construction  of  a 
similar  dock  upon  the  lakes.  It  was  of  the  same  general  constrtxction, 
and  differed  only  in  details.  Other  docks  upon  the  Atlantic  Coast  fol- 
lowed, all  built  by  J.  E.  Simpson  &  Company,  so  that  here  this  type 
of  dock  has  come  to  be  called  the  "  Simpson  "  dry  dock. 

About  the  year  1886  the  question  of  the  construction  of  additional 
dry  docks  for  the  Navy  becama  an  important  one,  as  the  Navy  was 
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Luilding  vessels  of  steel  whicli  required  frequent  clocking;  and,  as  the  Com.  Endicott. 
old  sectional  docks  were  disappearing,  the  need  for  further  docking 
facilities  was  felt. 

Without  entering  into  all  the  reasons  which  led  the  Government  to 
abandon  the  construction  of  masonry  docks  and  take  up  with  those  of 
timber,  it  may  be  said  that  this  was  due  to  the  advocacy  of  this  type 
of  dock  by  persons  in  civil  life  who  were  interested  in  their  construc- 
tion, and  by  a  few  officers  inside  the  naval  service  who  had  chamjpioned 
the  cause  of  this  type. 

The  timber  dock  was  presented  to  the  attention  of  the  Navy  as  pos- 
sessing not  only  many  good  qualities,  but  many  far  superior  to  those 
of  the  stone  dock.  The  most  attractive  arguments  presented  by  the 
advocates  of  the  former  were  its  cheapness,  its  convenience  in  the  way 
of  accessibility  to  the  floor  by  the  gently  sloping  sides  and  low  altars, 
its  width  on  to]),  admitting  light  and  air  freely,  its  immunity  from  the 
disintegrating  effects  of  frost,  and  its  greater  comfort  for  workmen  in 
winter  weather.  A  negative  advantage,  as  urged  recently  by  one  of 
its  strongest  advocates,  before  the  Senate  Naval  Committee,  is  that 
"  it  will  last  40  years,  and  that  is  long  enough  for  anything  to  last." 

The  arguments  advanced  by  its  advocates  were  successful  in  secur- 
ing favorable  action  in  the  committees  of  Congress,  and  the  first  ap- 
propriations for  timber  dry  docks  were  made  in  1887,  providing  for 
two,  one  at  the  New  York  yard  and  one  at  the  Norfolk  yard.  These 
were  followed  by  one  at  the  League  Island  yai-d,  completed  in  1891; 
one  at  the  Port  Royal  Naval  Station,  completed  in  1895;  one  at  the 
Puget  Sound  Naval  Station,  with  a  masonry  entrance,  which  was  com- 
jileted  in  1896,  and  one  in  the  New  York  Navy  Yard,  called  Dry  Dock 
No.  3,  completed  in  1897.  The  Government  was  thus  fairly  launched 
on  the  policy  of  the  construction  of  timber  dry  docks,  and  it  seemed 
as  though  it  would  be  imjjossible  to  again  secure  an  appropriation 
from  Congress  of  an  amount  sufficient  to  build  a  masonry  dry  dock; 
in  fact,  the  acts  making  appropriation,  in  almost  every  instance,  as 
well  as  limiting  to  an  amount  only  sufficient  for  a  timber  dry  dock, 
provided  specifically  for  one  of  such  material. 

The  last  Congress  made  provision  for  four  timber  dry  docks,  to  be 
constructed,  one  each  at  Portsmouth,  N.  H.,  Boston,  Mass.,  League 
Island,  Pa.,  and  Mare  Island,  Cal.,  but  provided  that  the  Secretary  of 
the  Navy  might,  in  his  discretion,  build  one  of  them  of  granite,  or  con- 
crete lined  with  granite,  and  in  such  case  the  limit  of  cost  was  to  be 
increased  $200  000,  to  a  total  of  $1  025  000.  The  Secretary  exercised 
the  authority  granted  by  this  act  by  deciding  that  the  Boston  dock 
should  be  of  granite  or  concrete  lined  with  granite,  and  plans  and 
specifications  were  prepared  for  a  dock  of  this  character.  Bids  were 
opened  on  January  31st,  1899,  in  the  Bureau  of  Yards  and  Docks,  and 
resulted  in  a  proposition  providing  for  a  dock  with  granite  facing  and 
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Com.  Enclicott.  concrete  backing,  complete,  for  about  the  amount  of  the  ai^proi^ria- 
tion,  or  about  $1  000  000.  This  result  was  much  more  favorable  than 
anticipated,  and  showed  for  the  first  time  that  a  masonry  dock  of  the 
largest  size  and  the  best  construction  could  be  built  for  a  sum  not 
greatly  in  excess  of  the  cost  of  a  timber  dock  of  the  same  general  fea- 
tures and  dimensions. 

Prior  to  the  final  passage  of  the  act  making  approj^riation  for  these 
last-named  docks,  the  Department  had  been  before  the  Senate  Naval 
Committee  in  advocacy  of  the  construction  of  granite  rather  than 
timber  docks,  and  the  Board  on  Dry  Docks,  aj^pointed  by  the  Depart- 
ment in  1897,  had  reported  recommendations  which  were,  in  eflect,  in 
favor  of  the  policy  of  docks  of  masonry  instead  of  timber.  This 
rejaort  was  laid  before  Congress  by  the  Department.  The  Dej^art- 
ment  had  thus  taken  such  steps  as  it  might  to  bring  to  the  attention 
of  Congress  its  views  and  advice  in  the  matter  of  the  construction  of 
these  important  structures,  and  the  action  of  Congress,  having  been 
substantially  adverse  to  this  advice,  the  Department  was  not  disposed 
to  pursue  the  matter  further  with  respect  to  the  docks  then  author- 
ized and  provided  for. 

The  possibilities  ia  the  way  of  the  construction  of  masonry  docks, 
as  shown  by  the  letting  just  referred  to,  were  of  such  imiaortance  that 
the  Bureau  believed  it  advisable  to  bring  them  jjarticulariy  to  the  at- 
tention of  the  Department,  and,  through  it,  to  Congress,  with  a  view  to 
securing  a  reversal  of  the  action  already  taken  in  the  act  referred  to. 

The  subject  of  the  advisability  of  constructing  these  works  of 
stone  rather  than  of  timber  had  received  much  attention  from  engi- 
neers and  from  the  jjress,  and  there  seemed  to  be  a  wide  interest  in 
the  matter,  and  a  strong  i^ublic  sentiment  against  the  course  pre- 
scribed by  Congress  with  reference  to  the  material  of  which  they  were 
to  be  constructed.  It  had  also  become  quite  apparent  that  the  gen- 
eral sentiment  among  officers  of  the  naval  service  who  took  an  interest 
in  the  matter  and  had  i)aid  much  attention  to  it,  was,  with  very  few 
exceptions,  strongly  in  favor  of  masonry  docks.  Altogether,  it  seemed 
to  the  Bureau  that  the  result  of  the  bids  for  the  Boston  dock  indicated 
that  the  time  had  arrived  for  the  Department  to  make  another  effort 
to  save  the  Navy  from  the  construction  of  more  timber  docks.  In 
making  such  a  move  there  seemed  to  be  a  prospect  of  success,  and  the 
Bureau  addressed  a  letter  (published  in  the  New  York  Tribune),  to  the 
(Secretary  of  the  Navy,  strongly  urging  the  Department  to  make 
another  effort  with  Congress  to  abandon  the  construction  of  timber 
dry  docks  and  re-enter  upon  the  policy,  which  it  instituted  in  the 
early  years  of  the  century,  of  building  for  its  Navy  the  safest  and  best 
dry  docks,  and  which  had  become  the  policy  of  all  other  first-class 
naval  powers. 

In  pursuance  of  this  recommendation,  the  Department  has  again 
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brought  the  mattei'  to  the  attention  of  Congress,  through  its  naval  Com,  Endicott. 
committees,  and  has  laid  before  them  the  Bureau's  recommendations 
in  the  matter,  with  its  earnest  approval.  The  matter  has  been 
brought  up  at  an  opportune  time,  for  several  reasons:  Because  the 
timl)er  docks  heretofore  built  are  beginning  to  show  that  they  are 
temporary  and  unsafe  structures;  becaiise  the  proposals  for  the  Boston 
dock  show  that  a  first-class  masonry  dock  can  be  constructed  for  a 
reasonable  sum  and  at  a  moderate  increase  over  the  cost  of  a  timber 
dock;  and  because  the  public  mind  is  alive  to  the  subject  and  strongly 
in  favor  of  good,  substantial,  creditable  structures  of  this  kind  for  the 
Navy.  Therefore,  the  recommendations  and  efforts  of  the  Navy  De- 
partment, backed  by  a  disinterested,  logical  and  earnest  sentiment, 
are  almost  sure  to  bring  about  a  change  in  the  present  policy. 

A  timber  dock  is  a  tem^Jorary  structure,  and  as  the  chief  material 
entering  into  its  construction  is  wood,  it  requires  very  extensive  re- 
newals at  an  early  day,  varying,  according  to  the  kind  of  wood  used 
and  the  local  influences,  from  20  to  25  years,  when  they  amount  to  a 
l^ractical  rebuilding  of  the  upper  jiortion  of  the  structure,  and  fre- 
quently its  entire  reconstruction.  While  the  first  cost  of  a  timber  dock 
is  small,  compared  with  that  of  a  masonry  dock,  the  rapid  deterioration 
referred  to  results  in  considerable  expenditures  at  the  end  of  a  few 
years,  if  the  structure  is  kept  in  good  condition,  and  if  the  rejaairs  and 
renewals  are  of  an  extent  necessary  to  preserve  the  dock  in  a  condition 
as  safe  and  good  as  when  completed.  The  experiences  in  the  Navy, 
thus  far,  with  timber  docks,  although  extending  over  only  a  few  years 
— the  dock  now  longest  in  use  having  been  built  about  10  years  ago — 
show  that  the  expenditures  necessary  to  restore  them  to  their  original 
condition  at  the  end  of  this  latter  period  are  very  considerable,  and 
ajjpear  to  be  several  times  as  great  as  those  for  a  stone  dock  of  about 
the  same  dimensions.  For  the  purposes  of  a  fair  comparison  the  cost 
of  the  maintenance  and  renewal  of  accessory  structures,  as  caissons, 
pumj)ing  machinery,  etc.,  should  be  neglected,  and  a  parallel  should 
be  drawn  entirely  between  the  expenditures  made  upon  the  dry  dock 
structures  proper;  which,  in  the  case  of  one,  would  be  stone  and  con- 
crete, and  in  the  case  of  the  other,  timber. 

The  records  of  the  stone  docks  of  the  Navy,  as  far  as  they  have 
been  collated,  show  that,  generally  speaking,  the  repairs  are  very  small 
indeed;  the  only  instance  in  which  any  individual  repair  has  been  of 
considerable  magnitude  being  in  the  case  of  the  stone  dock  at  the 
Brooklyn  Navy  Yard,  where  the  masonry  joints  became  injured  on 
account  of  the  jDresence  of  springs  and  the  action  of  frost.  This  con- 
dition was  due  largely  to  the  fact  that  the  cement  used  in  the  mortar 
for  the  joints  was  native  hydraulic  cement,  not  Portland  cement.  The 
work  was  repaired  about  the  year  1886,  the  masonry  at  the  entrance 
and  some  at  the  head  being  taken  uj)  and  relaid  with  Portland  cement 
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Com.  Endicott.  of  the  first  quality.  Althoiigli  tliese  repairs  have  been  completed  for 
many  years,  they  api^ear  to  he  entirely  successful,  and  there  has  been 
no  recurrence  of  injury  to  the  joints.  It  seems  quite  safe  to  say  that 
if  high-grade  Portland  cement  mortar  had  been  used  originally,  there 
would  have  been  no  such  trouble,  and  the  work  would  probably  have 
lasted  until  the  present  time  without  any  material  injury. 

The  records  of  the  repairs  to  the  stone  docks  extend  over  a  great 
many  years  i)rior  to  the  Civil  War,  and  the  collection  of  exact  and  full 
data  in  regard  to  the  expenditures  ui)on  them  is  difficult,  but  those 
which  have  been  examined  and  compiled  are  sufficiently  extensive 
and  accurate  to  be  a  fair  index  of  the  repairs  to  such  structures. 

Without  repeating  here  the  details  and  figures,  it  is  to  be  said  that 
the  average  annual  cost  of  repairs  upon  the  masonry  docks  has  been 
very  small  indeed,  and  has  amounted  to  a  very  trifling  percentage  of 
the  cost  of  the  work. 

The  records  of  the  exi^euditures  upon  the  timber  docks  and  their 
present  physical  condition  are  full,  exact  and  easily  obtained,  and  show 
that  not  only  is  the  cost  of  rejjairs  per  year  very  much  greater  than 
for  stone  docks,  but  that  the  percentage  of  the  original  cost  put  out 
in  repairs  is  several  times  as  great  as  in  the  case  of  the  masonry 
docks. 

In  the  matter  of  cost,  the  experience  of  the  Navy  has  been  that  in 
the  case  of  the  masonry  docks  last  built,  it  is  large;  but  that  those 
first  built,  comprising  the  docks  at  the  Boston  and  Norfolk  Navy 
Yards,  although  of  the  finest  quality  of  cut  granite,  did  not  cost  as 
much,  being  in  each  case  less  than  $1  000  000.  The  large  cost  of  the 
masonry  docks  was  due  to  several  causes;  in  the  first  place,  they  were 
not  built  by  contract,  but  by  day's  work  by  navy-yard  employees,  and 
the  materials  were  purchased  or  contracted  for  piece-meal.  The  ap- 
propriations for  the  work  were  made  by  Congress  in  such  a  way  that 
labor  and  expenditures  extended  over  long  periods  of  time,  thus  en- 
hancing the  cost  and  resulting  in  decay  and  injury  to  the  coffer-dams 
and  accessory  structures,  and  the  disintegration  of  the  soil  exjjosed  in 
excavations  from  the  action  oi  the  elements,  on  account  of  the  many 
seasons  covered  by  the  work. 

The  timber  docks  for  the  Navy  were  all  built  by  conti'act,  after 
public  advertisement,  and,  by  the  authority  of  Congi'ess,  contracts 
were  made  for  the  entire  completion,  thus  enabling  the  work  to  be 
taken  in  hand  and  pushed  through  with  the  greatest  jDossible  despatch. 
It  will  be  seen,  therefore,  that  the  records  of  the  Navy,  in  the  matter 
of  the  costs  of  timber  and  stone  docks  as  built,  afford  no  fair  basis  of 
comi^arison,  and  one  of  the  great  advantages  which  has  been  urged  in 
favor  of  the  timber  dock  is  the  smaller  relative  cost.  It  has  even  been 
claimed  that  the  interest  on  the  cost  of  a  masonry  dock  was  sufficient 
to  biiild  and  maintain  a  timber  dock  indefinitely.      This  comi^arison 
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has  almost  invariably  been  drawn  between  a  timber  dock  built  by  con-  Com.  Endicott. 
tract,  and  either  the  New  York  or  Mare  Island  stone  docks,  which  latter 
were  built  by  day's  labor,  the  work  extending  through  a  long  term  of 
years. 

An  opportunity  has  been  afforded  recently  for  instituting  a  some- 
what accurate  comparison  of  the  relative  cost  of  these  two  tyjjes  of 
dry  dock  by  the  proposals  received  for  the  construction  of  a  con- 
crete and  stone  dock  designed  for  the  Boston  Navy  Yard.  These 
bids  were  based  upon  conditions  very  similar  to  those  which  obtained 
in  the  cases  of  the  timber  dry  docks;  that  is.  Congress  having  author- 
izad  the  entire  construction  of  the  dock  within  a  certain  limit  of 
cost,  the  plans  and  specifications  were  made  and  competitive  bids 
were  invited,  after  public  advertisement,  the  work  to  be  comjileted 
in  a  period  not  exceeding  22^  years,  and  as  much  shorter  as  the  con- 
tractor may  desire  to  make  it. 

These  bids  show  that  a  dock  of  the  largest  size  can  be  built  of 
concrete  lined  with  cut  granite,  and  complete  wdth  all  accessories, 
at  a  cost  of  about  $1  000  000,  or  only  about  25%  in  excess  of  the 
amount  fixed  by  Congress  as  a  limit  of  cost  for  each  one  of  the 
timber  dry  docks  to  be  built  of  the  same  size  and  under  similar  con- 
ditions. It  will  be  seen,  and  must  be  admitted,  that  such  a  com- 
parison is  fairer  and  much  more  accurate  than  that  jDreviously  re- 
ferred to,  where  the  cost  of  the  timber  dock  by  contract  was  about 
$600  000,  and  the  cost  of  the  stone  docks  at  Mare  Island  and  New 
York  was  f  2  000  000  in  one  instance  and  $2  750  000  in  the  other. 

This  is  the  first  time  in  the  history  of  dry  dock  construction  in 
the  Navy  that  such  a  comparison  of  the  cost,  under  similar  condi- 
tions, has  been  possible.  The  result  is,  of  course,  beyond  dispute, 
and  so  favorable  to  the  masonry  dock,  in  the  matter  of  relative  cost, 
as  to  be  of  the  greatest  value  and  significance.  It  shows  that  the 
relative  costs  of  these  works  heretofore  claimed  by  the  advocates  of 
the  timber  dock,  and  their  general  acceptance  by  the  public,  were 
wrong  and  misleading. 

The  claims  set  up  for  the  timber  dock,  based  upon  these  compari- 
sons, have  had  great  influence  upon  the  public  mind  and  upon  Con- 
gress and  its  committees,  and  have  resulted  in  the  practical  adop- 
tion of  this  type  of  dry  dock  for  the  United  States  Navy  for  the  last 
twelve  years,  during  which  time  the  Government  has  more  than 
doubled  its  docking  facilities  by  the  construction  of  six  timber  docks. 
While  other  claims  have  been  made  for  the  timber  dock  as  superior  to 
the  stone  dock,  there  is  no  doubt  that  the  matter  of  first  cost  has 
largely  determined  the  action  of  the  committees  in  Congress;  but  the 
result  foreshadowed  in  the  proposals  for  the  Boston  dock  is  a  perma- 
nent masonry  dock  at  an  increased  cost  of  only  about  '25%  over  a  tem- 
porary dock  of  timber,  which  would  require  extensive    rebuilding  in 
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Com.  Endicott.  20  or  25  years,  and  also  a  small  annual  outlay  for  maintenance  as 
against  a  very  large  one. 

In  the  long  run,  the  timber  dock  is  much  more  expensive  than  the 
masonry  dock.  A  masonry  dock  built  by  contract,  after  i^ublic  com- 
petition, can  be  built  in  about  the  same  time  as  a  timber  dock,  at  a 
moderate  increase  of  cost  and  a  small  annual  oiitlay  thereafter  for  its 
maintenance,  as,  against  a  timber  dock  25  or  30%"  cheaper  in  first  cost 
with  a  large  annual  expenditure  for  maintenance,  amounting  to  a 
practical  renewal  every  40  years.  The  result  shows  that  a  masonry 
dock  is  cheai)er  than  one  of  timber. 

In  weighing  the  relative  merits  of  the  stone  and  timber  docks,  in  the 
matter  of  convenience  for  use,  it  can  be  stated  that  the  conditions  are 
practically  the  same.  A  timber  dock,  as  usually  constructed,  is  of 
great  width  at  the  tojs,  which  has  resulted  from  an  effort  to  construct 
the  sides  of  the  dock  at  the  least  expense  and  with  the  least  danger  of 
deformation,  and  the  slope  generally  adopted  is  that  natural  to  the  soil, 
so  as  to  avoid  any  considerable  thrust  from  the  earth  tending  to  force 
in  the  sides.  The  side  construction  consists  almost  invariably  of  tim- 
bers superimposed  in  such  a  way  as  to  form  altars  or  steps  from  the 
bottom  to  the  toji.  This  makes  the  entire  side  construction  practically 
a  stairway;  and  the  dock,  being  wide  at  the  top,  admits  light  and  air 
freely. 

Stone  dry  docks,  as  generally  constructed,  are  not  so  wide  at  the 
top,  and  the  altars  or  steps  are  of  greater  height.  Stairways  for  in- 
gress and  egress  are  introduced  at  convenient  distances.  It  has  been 
put  forth  as  a  great  advantage  of  a  timber  dock  over  one  of  masonry, 
that,  owing  to  the  form,  the  timber  dock  is  much  more  convenient  for 
access  and  admits  more  light  and  ventilation,  thus  facilitating  the 
work  in  the  dock.  The  materials  of  which  a  masonry  dock  is  con- 
structed lend  themselves  to  any  form,  and  one  can  be  constructed  of 
precisely  the  same  outline  as  the  ordinary  timber  dock.  The  general 
form  or  outline  of  the  masonry  dock  is  one  which  is  almost  universally 
followed  in  the  construction,  and,  although  less  broad  at  the  top  than 
the  timber  dock,  such  construction  results  in  no  inconvenience  or  dis- 
advantage to  the  work  carried  on  in  the  dock,  else  the  form  would  long 
ago  have  been  changed  to  one  more  nearly  approaching  that  of  a  tim- 
ber dock.  In  the  United  States,  the  last  masonry  dock  constructed, 
that  at  Mare  Island,  approximates  very  closely  to  the  cross-section  of 
a  timber  dock,  and  is  a  siifficient  answer  to  the  claim  of  the  superiority 
of  the  timber  dock  in  this  respect. 

It  is  to  be  observed,  in  this  connection,  that  a  dock  very  wide  at  the 
coping  level  is  not  without  its  disadvantages,  in  that  it  necessitates 
cranes,  or  appliances  for  handling  materials,  with  very  long  arms  to 
reach  the  center  of  the  dock,  and  this  has  been  held  by  European 
builders  to  be  an  objection  to  very  wide  docks.     As  a  matter  of  fact,  it 
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may  be  stated  that  the  masonry  dock  of  the  ordinaiy  form  admits  of  Com.  Endicott. 
all  the  light  aud  ventilation  necessary  with  a  ship  in  dock.  There  is 
nothing  to  obstruct  except  the  vessel  itself,  which  will,  in  this  form 
of  dock,  intercept  considerable  light,  and  render  the  portion  of  the 
dock  directly  under  the  vessel  less  light  than  other  jjortions.  It  is  not 
known  that  any  difficulty  has  ever  been  experienced  in  any  masonry 
dock  through  lack  of  sufficient  light  and  ventilation.  The  only  con- 
dition in  which  there  would  be  any  lack  of  light  and  ventilation  would 
be  in  the  case  where  the  vessel  contained  in  the  dock  was  of  such  size, 
as  to  practically  fill  it.  Where  the  cross-section  of  the  vessel  approxi- 
mates that  of  the  dock,  this  condition  could  only  exist  amidships,  as 
the  section  decreases  both  ways  from  the  center  of  the  vessel. 

In  the  matter  of  accessibility,  while  the  timber  dock  affords  a  con- 
venient stairway  at  any  point,  a  stone  dock  admits  of  the  installation 
of  stairways  at  any  intervals  deemed  necessary  or  desirable.  It  can 
be  state  1,  therefore,  with  reference  to  the  form  of  the  docks,  that  the 
masonry  dock  meets  substantially  all  the  requirements  of  accessibility, 
light  and  ventilation,  and,  in  any  event,  admits  of  the  construction  of 
precisely  the  same  form  or  outline  as  a  timber  dock. 

In  the  matter  of  the  stability  of  the  two  classes  of  dock,  the  con- 
ditions to  which  they  are  subject  are  practically  the  same.  The 
ability  to  sustain  the  weight  of  the  vessel  is  met  equally  by  the  two, 
generally  speaking.  The  condition  involving  the  most  danger  to  a 
dry  dock,  however,  is  not  the  weight  of  the  vessel  which  it  receives, 
but  the  i^ressure  of  the  water  contained  in  the  soil  below  the  level  of 
high  tide,  which  acts  normally  to  the  exterior  of  the  dock,  tending  to 
lift  the  bottom  and  force  in  the  sides.  It  needs  little  explanation  to 
show  that  the  dock  which  is  capable  of  me3ting  this  condition  more 
successfully  is  the  one  of  masonry.  The  timber  dock  is  built  of  a  com- 
paratively light  material,  wood.  Its  weight  is  a  very  small  element 
of  stability,  and  its  integrity  depends  uj^ou  the  measure  of  success 
with  which  the  access  of  water  through  the  soil  to  the  sides  of  the 
dock  is  prevented,  and  with  which  the  wood,  which  constitutes  the  in- 
terior lining  of  the  excavation,  is  jjinned  or  secured  to  the  soil  under- 
neath. This  is  effected  by  driving  j^iles  into  the  soil,  to  which  the 
interior  woodwork  is  secured  by  bolts.  It  will  be  seen  that  such  a 
structure  is  not  well  designed  for  resisting  the  inward  hydrostatic 
pressure,  and  in  all  timber  dry  docks  it  is  the  practice,  particularly  in 
those  of  considerable  dejith,  to  provide  valves  or  inlets,  through  which 
the  water  in  the  soil  may  tind  access  to  the  interior  of  the  dock,  and 
be  carried  away  through  the  culverts  to  the  i^umiD-well,  and  thence  be 
discharged  into  the  harbor.  It  has  been  well  said  that  the  only  way 
to  preserve  the  stability  of  a  timber  dry  dock  is  to  let  the  water  into 
the  dock  and  then  pump  it  out.  The  pressure  of  the  water  is  jaar- 
ticularly  felt  in  the  entrance  works  of  the  timber  dock,  which,  being 
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Com.  Endicott.  near  the  harbor,  are  subjected  to  greater  hydrostatic  jaressure,  where 
the  sloj^es  are  much  steeper,  and  to  the  water  pressure  upon  the  sides 
is  added  a  great  deal  of  thrust  from  the  soil.  It  has  been  frequently 
found  in  the  timber  dry  docks  that  they  have  been  incapable  of  suc- 
cessfully resisting  this  force,  and  in  many  instances  the  altars  have 
been  forced  off,  the  sides  of  the  entrance  works  have  been  forced  in- 
ward to  some  extent,  the  bottom  of  the  dock  has  been  uplifted,  and, 
where  defects  in  the  work  have  existed,  an  inflood  of  water,  once  set  up, 
has  resulted  very  disastrously,  and  endangered  the  entire  structure. 
In  a  shallow  timber  dock  this  danger  is  much  less,  but  in  those  of 
great  depth,  which  are  necessary  for  the  accommodation  of  large 
battleships  and  cruisers,  it  is  a  very  formidable  one  and  is  ever 
present. 

Leaks  in  a  timber  dry  dock,  particularly  a  deep  one,  are  looked 
upon  with  grave  suspicion  and  require  constant  watchfulness,  be- 
cause, once  started,  they  are  particularly  dangerous  m  a  dock  of  this 
kind,  as  its  structure,  not  being  watertight,  silt  and  soil  may  be 
carried  in,  undermining  portions  of  the  structure,  and  loosening  its 
hold  upon  the  soil  to  such  an  extent  as  to  cause  collapse  or  fear  of 
collapse.  This  was  the  experience  in  the  case  of  Dry  Dock  No.  3  at 
the  New  York  Navy  Yard. 

In  a  masonry  dock  the  structure  is  designed  to  resist  by  its  own 
weight  the  forces  referred  to,  and,  as  its  construction  is  watertight,  it 
embodies  all  the  elements  of  stability  and  safety.  Any  leak  which 
may  occur  in  a  structure  of  this  kind,  due  to  a  faulty  joint,  is  not  at- 
tended with  the  same  danger  as  in  the  case  of  a  timber  dock.  The 
early  stone  docks,  now  65  years  old,  have  had  for  a  great  many  years 
some  leaks  through  faulty  joints,  but  these  have  existed  without  any 
material  extension  of  the  trouble,  and  without  involving  any  instability 
or  danger;  and  these  docks  have  preserved  their  integrity  and  use- 
fulness without  failure  or  interruption  of  any  kind. 

It  is  of  the  iitmost  imjiortance  that  a  dry  dock  be  absolutely  safe. 
Its  collaj^se  might  prove  to  be  exceedingly  disastrous  to  property  and 
to  life.  A  valuable  war  vessel,  costing  millions  of  dollars  and  con- 
taining hundreds  of  lives,  should  be  placed  in  no  dock  which  is 
not  absolutely  safe  in  every  respect,  and  about  which  there  is  no 
doubt.  The  feeling  of  security  in  placing  a  vessel  in  a  dry  dock  under 
such  circumstances  is  worth  the  expenditure  of  any  amount  of  money 
necessary  to  provide  the  very  highest  type.  Accidents  of  more  or 
less  serious  character  have  occurred  in  the  timber  docks,  but  none 
has  ever  yet  developed  in  a  masonry  dock,  and  the  advantages  of 
the  latter,  in  the  matter  of  stability  and  safety,  are  immeasurably 
greater  than  in  the  case  of  a  timber  dock. 

A  dry  dock  is  a  great  public  work  and  one  of  great  utility,  and 
should  be,  like  other  works  constructed  by  the  United  States  Govern- 
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ment,  of  the  best  and  most  siibstantial  quality,  and  an  example,  in  Com.  Endicott. 
every  respect,  of  the  best  practice  in  constructions  of  its  class.  In  its 
material  the  Navy  is  not  content  with  anything  which  is  not  the  equal 
of  the  same  all  the  world  over.  All  other  first-class  powers  of  the 
world  are  building  graving  docks  of  masonry  of  the  best,  most  sub- 
stantial and  enduring  type.  Is  it  left  for  this  Government  to  content 
itself  with  cheap,  temporary  structures,  unstable,  or  embodying  the 
elements  of  danger? 

E.  G.  Packakd,  M.  Am.  Soc.  C.  E. — The  comparisons  made  thus  far  Mr.  Packard, 
have  been  between  the  timber  dry  docks  of  the  present  day  and  the 
granite  dry  docks  of  many  years  ago.  In  such  locations  as  League 
Island  and  Beaufort,  S.  C,  especially,  the  present  concrete  structures, 
made  of  high-class  cements,  would  be  much  more  satisfactory  than  the 
timber  docks,  or  even  the  old  masonry  docks  that  have  stood  so  well, 
the  record  of  which  has  been  given  by  Messrs.  Cathcart  and  Endicott. 
It  would  be  interesting  to  know  the  number  of  days  the  docks  have 
been  in  working  order,  and  the  cost  of  repairs  per  foot  of  length,  and 
per  foot  of  draught.  In  other  words,  how  much  per  ton  does  it  cost 
the  Government  for  dockage  ?  The  comparison  of  cost  made  by  Mr. 
Endicott  is  based  on  the  highest  class  of  concrete,  and  with  more  or 
less  granite  lining  of  high  cost,  and  highly  finished.  Such  linings 
may  be  a  necessary  feature,  but,  in  making  massive  structures,  such 
as  these  concrete  basins,  a  less  costly  class  of  materials  could  be  used, 
more  or  less  saving  might  be  effected,  and  an  equally  good  structure 
secured.  Thus  the  relative  costs  of  timber  and  concrete  structures 
might  be  brought  nearer  together  than  they  are  to-day. 

P.  C.  AssEKSON,*  M.  Am.  Soc.  C.  E. — -The  speaker's  experience  in  Mr.  Asserson. 
repairing  stone  docks  and  in  repairing  and  building  wooden  docks 
has  been  quite  extensive.  His  first  experience  in  rejjairing  stone 
docks  was  at  Norfolk,  Va.,  where  the  entrance  work  had  been  de- 
stroyed by  the  explosion  of  gunpowder.  The  cost  of  repairing  that 
dock  was  not  very  great.  The  greatest  expense  was  inciarred  in  re- 
building the  caisson,  which  had  been  destroyed  by  fire  when  the 
yard  was  evacuated  by  the  Confederates,  because,  although  the  inner 
abutment  was  destroyed,  the  outer  sill  W"as  not  damaged,  and  the  re- 
pairing of  the  stone  abutment  required  no  great  engineering  science. 
It  took  three  years,  but  the  api^ropriations  were  small.  The  speaker's 
next  experience  was  in  rebuilding  the  abutments  and  outer  works  of 
the  stone  dock  at  New  York,  which  had  been  disintegrated  by  the 
water  finding  entrance,  principally  from  the  sea.  The  chief  cause 
of  the  trouble  was  bad  construction,  something  rather  surprising. 
It  was  found  when  the  abutments  were  taken  ajjart  and  the  masonry 
taken  down  to  the  sill  level,  that  in  the  abutments  proper  there  was 
not  a  single  header.  The  stones  were  all  stringers,  the  same  as  one 
*  Civil  Engineer,  U.  S.  N. 
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Mr.  Asserson.  brick  laid  on  another,  without  a  heading  course.  That  was  probably 
one  of  the  principal  causes  of  its  destruction.  The  second  cause  was 
the  poor  cement  that  had  been  used.  Only  ordinary  Rosen  dale 
cement  had  gone  into  its  construction.  A  third  cause  was  that  some- 
one had  attempted  to  remedy  the  leaks  on  top  by  caulking  the  joints 
with  lead,  thus  forcing  apart  the  stone  and  admitting  more  water. 
The  speaker  believed  this  to  have  been  a  fatal  mistake,  and  thinks 
the  same  thing  has  also  occurred  in  other  cases  where  lead  caulking 
has  been  used  instead  of  cement.  In  the  repair  of  the  Brooklyn 
dock  it  was  found  also  that  the  sides  had  settled  and  split  the  head 
of  the  dock  in  three  parts.  At  the  head  of  the  dock  cracks  were 
found  which  extended  from  top  to  bottom  on  each  corner,  and  in 
some  places  the  speaker  could  run  his  arm  into  the  crack.  Of  course 
the  water  found  ingress  there,  and  frost  following  it  helped  to  dis- 
place the  masonry.  In  repairing,  these  things  were  all  taken  into 
account,  and  care  was  taken  to  j3ut  in  headers  where  the  masonry  had 
been  loosened.  The  cement  used  was  the  best,  not  that  this  country 
afforded,  but  that  could  be  imported  from  Germany.  The  speaker 
believes  that  there  have  been  absolutely  no  other  repairs  upon  that 
dock  since  these  were  completed  in  1888.  It  is  in  jjerfect  condition, 
and  will  probably  remain  so  for  many  years. 

In  the  construction  of  the  wooden  dock,  No.  2,  at  Brooklyn,  the 
speaker  had  some  experience — what  some  engineers  would  call  "  a 
great  deal  of  experience."  The  basin  of  the  Wallabout  is  underlaid 
by  what  some  call  quicksand.  The  speaker  calls  it  mica  sand,  but 
does  not  know  that  there  is  much  difference.  It  is  very  quick,  how- 
ever, and  there  are  "only  90  ft.  of  it."  In  places  it  was  found  that 
piles  50  ft.  long  could  be  driven  very  readily  and  very  quickly,  but  if 
the  hammer  was  taken  off  quickly,  the  pile  would  follow  it  ujj  again. 
To  stop  the  quicksand  the  contractor  resorted  to  close  jjiling,  ballast 
stone,  bags  of  concrete  and  all  sorts  of  expedients.  Finally,  after  a 
great  deal  of  trouble,  the  concrete  was  put  down,  and,  by  the  friction 
of  the  sand  on  the  piles,  sufficient  stability  was  found  in  the  bottom 
to  hold  any  ship  that  the  dock  would  take;  but  with  the  sides  it  was 
different.  The  sjjeaker  does  not  think  it  is  generally  known,  but 
shortly  after  the  dock  was  built  it  was  found  that  in  driving  home 
the  wedges  at  the  ends  of  the  shores  when  docking  a  ship,  the  dock 
would  go  back  or  spread  on  both  sides  as  much  as  4  or  5  ins.  That 
hapi3ens  even  now  whenever  a  vessel  is  shored.  It  is  only  a  question 
as  to  how  long  the  diagonal  timbers  will  bear  the  continual  thrust  on 
them.  The  soil  that  should  i^ack  up  to  the  back  of  the  timbers,  and 
make  them  steady,  is  of  such  a  nature  that  it  falls  away  from  the 
back  of  the  altars  and  diagonal  timbers,  leaving  the  sides  of  the  dock 
without  any  suj^port  on  the  back  except  the  piles.  The  speaker  re- 
gards the  dock  as  unsafe  for  docking  a  heavy  ship  that  has  any  list. 
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As  loQg  as  a  sliip  is  perfectly  upright  and  balanced  upon  the  keel  Mr.  Asserson. 
blocks,  all  will  be  well. 

The  speaker  saw  the  construction  of  the  timber  dock  at  Newfound- 
land. The  bottom  consisted  of  shale  rock,  and  as  piles  could  not  be 
driven  successfully,  a  concrete  bed,  6  ft.  thick,  was  laid  down,  and 
formed  a  very  good  bottom. 

About  two  years  ago  the  speaker  repaired  the  outer  abutments, 
the  sill  and  the  sheathing  on  the  abutments  of  the  timber  dry  dock  at 
Norfolk,  Va. ,  which  had  been  destroyed  by  the  teredo.  The  cause 
of  this  destruction  was  as  follows:  "When  the  Texas  was  being  built 
at  Norfolk,  she  was  put  in  the  dock  to  receive  her  armor,  and  kept 
there  some  nine  or  ten  months.  Unfortunately  the  caisson  had  been 
put  on  the  inner  sill,  thus  leaving  the  outer  sill  and  abutment  ex- 
jjosed.  During  this  nine  or  ten  months  the  teredo  completely  riddled 
and  demolished  the  outer  side  sills  as  well  as  the  surface  planking  or 
timbering  of  the  abutment  proper.  The  sills  were  completely  de- 
stroyed from  high-water  mark  to  within  1  ft.  of  the  bottom.  There, 
the  sill  had  been  covered  by  mud,  and  was,  of  course,  in  good  con- 
dition. The  covering  of  the  wing  walls,  extending  out  on  the  side, 
and  the  end  sill  of  the  wing  walls  were  entirely  destroyed.  These 
wing  walls  had  been  covered  by  creosoted  planking  underlaid  with 
ship  felting  as  a  protection  against  the  teredo,  and  that  fortunate 
circumstance  had  saved  the  inner  plank,  but  the  outer  plank  was 
completely  gone,  and  in  places  had  commenced  to  fall  ofl".  In  a  year 
or  two  more  the  inner  planking  of  the  abutment  and  of  the  wing  walls 
themselves  would  have  been  completely  destroyed.  By  degrees  the 
wing  walls  and  the  abutments  were  stripped,  and,  by  local  coffer- 
dams, the  whole  of  the  front  covering  was  renewed  at  a  cost  of  about 
$10  000.  A  new  sill  on  each  side  of  the  dock  was  put  in  and  overlaid 
with  a  biiilt-up  Z-bar  of  steel,  secured  in  such  a  way  that  the  sill  will 
probably  not  be  disturbed  by  the  teredo  for  many  years. 

The  speaker  does  not  know  of  any  chemical  preparation  with 
which  wood  can  be  treated  whereby  it  will  be  enabled  to  comi:)letely 
resist  the  teredo  for  more  than  10  or  15  years. 

The  speaker  is  familiar  with  the  structure  of  all  the  docks  from 
New  York  southward.  The  timber  used  in  the  facing,  and  subject  to 
decay,  has  been  merchantable  timber  of  good  quality,  and  has  been 
nearl}'  all  heart  wood,  where  it  was  possible  to  obtain  it.  Of  course, 
in  structures  of  that  kind,  where  large  quantities  of  timber  are  used, 
there  will  be  a  little  sap  wood,  and  there  is  no  doubt  that  such  wood 
begins  to  decay  at  once.  That  was  the  case  with  the  dock  in  Norfolk, 
where,  two  years  ago,  the  speaker  commenced  to  repair  the  upper 
works.  The  piling,  the  cross-cap  timbers  and  the  diagonal  bracings 
were  found  badly  decayed  from  the  coping  to  the  low-water  line. 

The  spreading  of  the  sides  of  the  dock  previously  mentioned  is  due 
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Mr.  Asserson.  to  the  difficulty  of  backing  the  soil  up  against  the  back  of  the  altars 
when  building.  Further,  being  a  disturbed  soil,  on  a  slope  of  35°,  it 
settles  away  from  the  altars,  and,  of  course,  the  sj)ace  left  fills  with 
water.  The  same  trouble  does  not  occur  with  the  stone  dock,  where 
the  retaining  wall  is  vertical  on  the  back. 

The  wooden  docks  have  had  the  same  care  as  the  stone  docks. 
Those  who  have  been  interested  in  dock  construction  for  the  last  30 
years  have  had  great  anxiety  in  respect  to  all  the  docks,  and  they  have 
been  taking  care  of  them  as  fully  as  possible.  It  would  be  necessary 
to  be  more  careful  in  docking  a  ship  in  a  wooden  dock  than  in  a  stone 
dock,  and  a  ship  can  be  handled  in  a  much  more  rough  and  ready 
manner  in  the  latter  than  in  the  former,  without  danger  of  injui'ing 
the  dock. 

In  handling  material  in  a  wooden  dock  care  must  be  taken  not  to 
destroy  the  altars,  a  necessity  which  does  not  obtain,  to  as  great  an 
extent,  in  a  stone  dock.  Less  care  is  required  in  wedging  against  a 
stone  dock  than  against  a  wooden  one,  though  the  sjjeaker  does  not 
believe  that  any  wooden  docks  have  been  injured  by  docking  a  ship, 
so  far  as  he  knows,  nor  have  any  ships  been  injured  on  account  of 
docking  in  a  wooden  dock.  But  as  the  docks  decay,  of  course  injury 
may  hapjien. 

The  sjieaker  thinks  that  from  the  nature  of  the  two  materials,  stone 
and  wood,  equally  good  construction  cannot  be  obtained,  and  it  is 
hardly  jjossible  to  make  comparison  as  to  strength  or  durability. 
Sufficient  timber  could  not  be  put  into  a  wooden  dock  to  afford  a  proper 
comparison  with  a  structure  of  stone  and  concrete.  In  the  speaker's 
experience,  the  construction  of  some  wooden  docks  has  been  rather  on 
the  slimsy  order  of  mechanism  and  construction,  though  he  thinks  the 
Anglo-American  Comi^any  worked  honestly  and  did  the  best  they  could 
with  their  wooden  docks.  Undoubtedl}',  the  builders  of  wooden  docks 
did  the  best  they  knew  how,  and  exercised  care,  except  perhaps  in  the 
case  of  a  certain  timber  dock  recently  constructed. 

The  speaker  can  furnish  no  data  as  to  the  relative  cost  of  good 
concrete  or  good  wooden  docks.  It  is  only  when  a  contract  is  made 
with  resjionsible  peojole  that  the  relative  cost  of  the  two  classes  of 
docks  can  be  ascertained.  Wooden  docks  can  be  built  for  ^1  OOU  per 
lineal  foot,  and  stone  and  concrete  docks  can  be  built  for  ^1  500  per 
lineal  foot. 

In  the  early  days  the  speaker  was  in  favor  of  wooden  docks.  Now, 
he  is  in  favor  of  stone,  or,  rather,  concrete  and  stone.  He  believes  that 
in  the  future  dry  docks  should  be  constructed  of  concrete,  the  best 
that  can  be  made,  faced  or  lined  with  stone,  particularly  in  the  wearing 
parts  of  the  dock.  There  are  parts  of  the  dock,  the  wings  and  the 
angles,  for  example,  that  need  not  necessarily  be  of  stone,  as  concrete 
will  answer  the  same  purpose. 
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In  the  Norfolk  dock  the  upper  part  v/as  recently  rebuilt  entirely  of  Mr.  Asserson. 
concrete,  which  made  a  very  good  job.  The  only  reason  for  i)utting  a 
wooden  lining  on  the  front  of  the  concrete  altars  was  to  prevent  the 
abrasion  of  the  green  concrete.  The  upjjer  part  of  the  Norfolk  dock 
was  rejiaired  while  the  dock  was  in  daily  use,  and  the  speaker  thought 
it  was  necessary  to  do  something  to  protect  the  concrete  during  con- 
struction. If  he  had  had  the  money,  he  would  have  put  in  stone  in- 
stead of  wood,  but  the  latter  was  put  in  in  such  a  manner  that  when 
the  planks  split  or  became  decayed  they  could  be  taken  oft"  and  re- 
placed by  others. 

The  speaker  can  see  no  reason  why  dry  docks  constructed  wholly  of 
concrete,  and  -without  stone  lining,  should  not  be  satisfactory,  if  the  cor- 
ners of  the  altars  are  rounded  off.  He  would  prefer,  however,  to  make  as- 
surance doiibly  sure,  and  use  stone  on  the  wearing  i^arts,  for  the  reason 
that  there  might  be  carelessness  in  shoring  up  ships.  There  is  a  prob- 
ability that  the  corners  of  the  concrete  altars  might  be  broken  off,  par- 
ticularly where  they  are  so  shallow  —only  8  ins.  high — as  in  these  struct- 
ures. With  a  larger  body  of  concrete,  say  12  or  18  ins.  liigh,  the  sjieaker 
would  not  hesitate  to  allow  the  use  of  altars  wholly  of  concrete,  because 
the  corners  of  the  altars  themselves  need  not  be  touched.  The  corners 
of  the  concrete  are  sometimes  broken  off'  by  sliding  timbers  and  heavy 
material  over  them  and  down  into  the  dock. 

In  reference  to  the  lining  of  the  timber  docks  with  creosoted  plank, 
it  is  a  fact  that  the  teredo  will  not  attack  it  for  several  years.  The  teredo 
will  not  pass  across  a  water-bearing  seam.  But  creosote  will  protect 
only  for  a  time.  The  sj)eaker's  experience  has  been  that  where  creosot- 
ing  has  been  throughly  well  done,  a  good,  heavy,  dead-oil  creosote  in- 
jected into  the  timber  at  a  pressure  of  100  or  120  lbs.  per  square  inch, 
it  will  protect  timber  for  from  10  to  15  years ;  after  that  the  creosote  is  not 
so  effectual.  Unfortunately,  the  creosote  used  in  the  altars  at  the 
Norfolk  dock  was  not  the  best  kind.  The  speaker  thinks  it  was  what 
is  called  "  pine  oil,"  and  he  believes  it  helped  to  rot  the  timber  more 
than  to  preserve  it.  However,  the  top  of  the  dock  at  Norfolk  is  badly 
decayed  for  a  distance  of  8  to  9  ft.  down  from  the  coping. 

The  timber  dry  docks  with  which  the  speaker  has  had  experience 
have  all  been  constructed  in  about  the  same  manner.  There  is  a  dif- 
ference in  the  shape,  but  they  have  been  practically  earth  excavations, 
having  the  sides  lined  with  timber,  the  slope  of  the  ground  being  such 
that  it  would  stand  by  itself,  except  that  at  the  Brooklyn  yard  the 
ground  does  not  stand  anywhere,  but  moves  and  sinks  as  soon  as  the 
mica  sand  has  been  reached. 

Most  of  the  Government's  timber  docks  are  good,  but  the  sjieaker 
thinks  there  is  room  for  improvement  as  to  their  strength,  especially 
as  regards  the  sides;  the  bottoms  of  the  docks  will  no  doubt  last  many 
years. 
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Mr.  Asserson.  There  is  no  question  in  the  speaker's  mind  but  that  in  these  days 
the  Government  should  build  for  the  future.  Wooden  docks  were 
adopted  by  the  naval  service,  not  because  of  their  durability,  but 
becaiise  they  could  be  built  quickly  and  cheaply.  Our  need  of  docks 
was  siich  that  we  could  not  wait  for  stone  docks  to  be  constructed. 
For  20  years  Congress  was  utterly  unwilling  to  appropriate  large  sums 
for  dry  docks,  for  repairs  in  the  navy  yards,  or  for  building  nip  the  shops 
that  were  decaying. 

Now  that  Congress  and  the  country  are  willing  to  appropriate 
money,  it  is  time  to  abandon  that  policy.  Instead  of  building  wooden 
docks,  that  serve  at  most  only  for  20  or  25  years,  structures  that  will 
serve  generations  to  come  should  be  built. 

The  estimated  cost  of  a  concrete  dock,  750  ft.  long  and  lined  with 
masonry,  for  Norfolk,  Va. ,  was  $1  100  000.  For  a  timber  dock  of  the 
same  size,  and  built  as  strong  as  possible,  the  estimate  was  $700  000. 
The  estimate  was  for  a  concrete  dock  lined  with  stone  3  ft.  thick,  with 
stone  abutments,  and  for  a  steel  caisson,  including  j^umping  machinery. 
The  stone  lining  was  to  have  been  set  in  the  main  dock  chamber,  far 
enough  into  the  concrete  to  be  firm  and  to  form  a  tread  or  step,  and 
Avith  a  very  open  slope — 30  to  33°— so  as  to  admit  light  and  air,  the 
same  as  for  a  wooden  dock.  There  is  no  doubt  that  the  shaj^e  of 
wooden  docks  is  very  good,  because  light  and  air  are  so  readily 
admitted,  and  because  access  is  so  easy. 

If  first-class  timber,  or  heart  timber  only,  was  put  into  a  dock,  and 
in  a  first-class  manner,  the  dock  would  last  5  to  8  years  longer  than 
ordinarily,  but  all  heart  timber  can  hardly  be  obtained  in  such  large 
quantities. 

The  wooden  docks  have  served  well  to  the  j^resent  time,  and  the 
speaker  thinks  it  is  best  to  j^raise  the  bridge  that  carries  us  safely  over. 
Nevertheless,  he  is  of  the  opinion  that  we  should  now  adopt  material  of 
a  more  durable  character  for  structures  that  we  expect  to  last  and  use 
for  hundreds  of  years. 
Mr.  Tait.  JoHN  G.  Tait,  Assoc.  M.  Am.  Soc.  C.  E.^No  one  makes  any  at- 
tempt to  deny  the  fact  that  a  masonry  dry  dock  is  much  more  desirable 
as  a  government  structure  than  a  timber  dry  dock.  Therefore  the  item 
of  first  cost  must  be  the  argument  that  influences  the  Congressional 
Committee  on  naval  aftairs  when  they  decide  to  build  timber  instead 
of  stone  docks.  As  engineers,  citizens  and  taxpayers,  we  are  all  inter- 
ested in  having  the  Government  make  the  best  investment,  and  build 
masonry  docks,  and  to  that  end,  until  the  Naval  Committee  are  edu- 
cated up  to  the  advantages  of  stone  docks,  and  while  the  engineers  are 
still  in  comi^etition  with  men  advocating  timber  docks,  any  unneces- 
sary cost  should  be  omitted  from  the  masonry  docks. 

At  the  site  of  the  Boston  dock  the  cost  of  concrete  per  cubic  foot  is 
less  than  half  that  of  timber.     This  dock  contains  a  great  deal  of  gran- 
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ite,  the  stones  are  very  deep,  and,  according  to  the  jjlans  and  specifi-  Mr.  Tait. 
cations  the  radial  lines  have  to  be  preserved  for  the  full  depth  of  the 
joint,  which  makes  very  expensive  cutting.  Then,  in  addition  to  that, 
the  same  courses  are  continued  from  the  main  part  of  the  dock  out  into 
the  jaws,  so  that  each  stone  constantly  increases  in  width  as  well  as 
being  a  voussoir. 

These  rec[uirements  probably  make  the  cost  of  the  dock  about 
$200  000  more  than  it  would  have  been  if  built  entirely  of  concrete,  or  of 
concrete  with  granite  quoins.  If  the  dock  had  been  designed  with  a 
smaller  lining,  and  if  there  had  been  a  different  arrangement  of  the 
stones  in  the  jaws,  the  bid  would  have  been  very  close  to  that  of  a 
timber  dock. 

John  Kennedy,  M.  Am.  Soc.  C.  E. — Having  recently  examined  all  Mr.  Kennedy, 
the  large  dry  docks  on  the  Atlantic  coast  from  Halifax  to  Norfolk,  and 
on  the  St.  Lawrence  and  Great  Lakes,  from  Levis  to  Lorain,  mainly 
with  reference  to  the  choice  of  material  for  the  construction  of  a  dry 
dock  of  large  size  at  Montreal,  the  speaker  will  state  some  of  the  results 
of  his  observations. 

The  wooden  dry  docks  of  both  public  and  private  ownership  show 
general  weakness  of  construction,  and  a  rather  rapid  decay.  The  decay 
is,  of  course,  most  rapid  in  the  parts  above  water  level,  and  it  appears 
to  reach  farther  down  and  be  more  rajiid  in  docks  in  fresh  water  than 
in  salt.  For  example,  beginning  at  the  North,  the  wooden,  dry  dock  at 
Portland,  Mo.,  built  in  1869,  has  had  no  recent  repairs,  and  its  altars 
and  pile  heads  above  low  water  are  entirely  rotten. 

At  Boston  the  altars  and  other  lining  of  the  three  wooden  docks  built 
in  1854  to  1864  have  been  practically  all  rebiiilt  inside,  and  have  re- 
quired frequent  repairs.  The  largest  one  is  leaking  beneath  the  en- 
trance. The  two  private  docks  at  Erie  Basin,  Brooklyn,  built  in  J  866, 
were  all  relined  in  1881,  and  concrete  substituted  for  wood  in  the 
up2)er  five  altars.  The  wooden  dock  at  Cramp's,  Philadelphia,  built 
in  1876,  has  largely  failed.  The  altars  and  the  slopes  near  the  abut- 
ments are  bulged  in  badly  at  places;  the  altars,  from  weakness  and 
decay,  have  been  stove  in  at  i)laces,  revealing  cavities  behind,  from 
which  the  earth  slopes  have  been  washed  down.  The  League  Island 
dock  of  the  United  States  Navy,  built  in  1891,  is  notably  weak,  and  has 
bulged  in  badly.  While  occupied  by  the  United  States  cruiser 
Columbia,  a  month  ago,  the  abutments  were  shored  u}}  to  prevent 
collapse.  There  are  serious  leaks  of  water  and  mud  in  the  bottom 
and  lower  altars  of  one  side,  and  the  earth  slopes  behind  the  altars 
have  run  down  in  several  places,  leaving  large  cavities.  Rei^airs, 
estimated  to  cost  about  $64  000,  are  about  to  be  undertaken.  The 
Norfolk  Navy  Yard  dock,  built  in  1889,  is  now  having  the  upper 
eleven  altars  renewed  in  concrete  becaiise  of  the  decay,  not  only  of 
the  altars,  but  of  the  braces  and  pile  heads  which  carry  them.     The 
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Mr.  Kennedy,  wooden  dry  docks  visited  ou  the  Lakes  are  in  much  the  same  general 
condition. 

The  speaker  found  that  all  engineers  of  the  United  States  Navy 
Dej^artment  who  have  had  experience  in  the  working  and  mainte- 
nance of  wooden  dry  docks,  and  with  whom  the  question  was  dis- 
cussed, were  understood  to  be  quite  against  wooden  dry  docks,  at 
least  for  naval  use,  because  of  their  weakness  and  short  life.  On  the 
other  hand,  private  owners  of  wooden  docks  are  in  favor  of  wood  for 
their  own  service,  and  in  adding  a  new  dock  they  build  either  wholly 
or  mainly  of  wood.  The  obvious  difierence  of  conditions  will  account 
for  much  of  the  difference  of  opinion.  In  Government  docks  a  small 
saving  in  first  cost  is  of  minor  imijortauce,  but  weakness  and  frequent 
need  of  rei^airs  are  well  nigh  intolerable.  On  the  other  hand,  in  docks 
of  private  ownership,  saving  in  first  cost  is  usually  of  serious  import- 
ance, Avhile  the  cost  of  maintenance  rej^airs  is  met  by  the  earnings  of 
the  dock,  and  is  less  felt.  It  is  to  be  noted,  however,  in  the  more  recent 
private  docks  built  by  owners  of  experience,  that  there  is  a  desire  for 
something  more  permanent  than  wood.  A  notable  instance  is  that  of  the 
large  dock  now  being  built  by  the  Newport  News  Shipbuilding  &  Dry 
Dock  Company,  in  which  the  abutments  and  wings  are  to  be  of  con- 
crete. In  the  Erie  Basin  docks,  Brooklyn,  the  wooden  altars  above 
the  water  line  have  been  replaced  by  concrete.  It  may  be  noted,  too, 
that  all  the  recent  wooden  docks,  of  which  the  speaker  has  knowledge, 
and  the  more  ancient  ones,  also,  have  not  been  built  under  any 
patents,  nor  by  contractors  holding  patents;  or,  in  other  words, 
while  the  building  of  wooden  and  partly  wooden  docks  is  still  con- 
tinued by  private  firms,  the  patented  kind  seems  to  have  passed  out 
of  favor. 

In  Canada  there  are  no  wooden  dry  docks  of  importance.  All  the 
Government  docks,  three  in  number,  are  of  stone  and  concrete.  One 
of  these,  on  the  St.  Lawrence,  at  Levis,  Que.,  was  finished  in  1886; 
one  on  Lake  Ontario,  at  Kingston,  Ont.,  was  ojjened  in  1892,  and  the 
third,  on  the  Pacific  Coast,  at  Esquimalt,  B.  C. ,  was  finished  in  1887. 
All  are  ot  excellent  limestone  ashlar,  with  concrete  backing  and 
inverts,  and  none  have  had  any  repairs  of  more  importance  than 
pointing,  excejit  in  the  caissons  and  other  accessories. 

Much  reduction  in  the  cost  of  stone  dry  docks  has  been  made,  by 
the  substitution  of  concrete  for  jjart  of  the  masonry,  and  it  is  proper 
to  consider  how  much  farther  such  substitution  may  be  wisely  car- 
ried, in  cases  where  economy  is  of  jjrime  importance.  The  masonry 
of  a  stone  and  concrete  dock  is,  of  course,  that  in  the  linings,  altars, 
copings,  inverts,  entrance  and  other  parts  where  it  is  requisite  that  it 
be  of  cut  ashlar,  of  expensive  kind;  and  the  further  elimination  of  the 
whole  or  any  considerable  part  of  such  costly  work,  rapidly  reduces 
the  average  of  the  whole.     There  can  be  no  doubt  as  to  the  strength 
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of  solid  concrete  dock  walls  being  fully  as  great  as  that  of  walls  of  Mr.  Kennedy, 
concrete  and  ashlar  combined,  in  which  the  bulk  of  the  wall  is  of  con- 
crete and  the  ashlar  is  a  mere  facing.  The  real  question  is  as  to  the 
wearing  and  weathering  qiialities  of  the  inner  surface  and  of  the 
altars,  if  of  concrete  only.  ExamiDles  of  concrete  of  ample  durability 
as  well  as  of  strength,  can  be  pointed  out,  which  show  that  good  con- 
crete will  fulfill  all  needed  requirements,  even  in  northern  climates. 
The  making  of  Portland  cement  has  also  been  so  wonderfully  im- 
proved, and  the  testing  of  it  has  become  so  simple  and  reliable,  that 
there  is  now  no  doubt  as  to  the  obtaining  of  cement  of  an  excellence 
and  uniformity  which  was  unattainable  a  few  years  ago. 

In  England  and  throughout  Europe,  dry  docks,  wet  docks,  arched 
bridges  and  other  imjjortant  structures,  made  almost  wholly  of  con- 
crete, are  becoming  common.  At  Erie  Basin.  Brooklyn,  there  is  a 
minor,  but,  so  far  as  it  goes,  a  very  satisfactory  example  of  the  dura- 
bility of  concrete,  in  the  altars  and  copings  of  dry  docks  in  this 
climate.  The  upper  five  altars  of  the  two  wooden  docks  were,  as 
already  stated,  taken  out  and  rebuilt  wholly  of  concrete,  and  their 
condition  now,  after  eighteen  years  of  constant  use,  is  excellent. 

The  Halifax,  Nova  Scotia,  dry  dock,  of  580  ft.  length,  built  in  1888 
to  1889,  is  all  of  concrete,  except  the  meeting  faces  of  the  caisson  gate, 
the  coping  courses  of  the  altars  and  main  walls,  and  the  stairways  and 
material  slides,  which  are  of  granite,  and  the  linings  of  the  culverts, 
which  are  of  brick.  The  inverts  of  the  entrance  are  all  of  concrete 
except  the  meeting  faces.  The  example,  though  not  wholly  satisfac- 
tory as  to  the  durability  of  the  concrete,  is  a  very  instructive  one. 
Considerable  areas  of  the  inner  surface  of  the  body  walls  have  scaled 
off,  and  have  been  relined  with  blue  bricks,  but  the  failure  is  readily 
accounted  for  by  much  of  the  walls  having  been  built  under  most  un- 
favorable conditions  as  to  storms  and  frost,  and  storage  of  cement.  On 
the  other  hand,  adjoiniug  parts  of  the  main  walls,  and  all  of  the  in- 
verts and  walls  of  the  entrance,  are  standing  excellently  well. 
Altogether,  the  dock  shows  that  really  good  concrete  is  a  proper  ma- 
terial for  dock  walls,  even  in  a  rigorous  climate. 

A  notable  example  of  a  very  large  dry  dock,  with  walls  almost 
wholly  of  concrete,  is  the  new  No.  3  Graving  Dock  at  Glasgow,  de- 
signed by  Mr.  Deas,  Engineer  of  the  Clyde  Trust.  It  is  880  ft.  long, 
115  ft.  wide  at  top,  32  ft.  depth  from  floor  to  coping,  and  is  divided 
into  two  sections  by  gates.  The  side  walls  are  entirely  of  concrete,  ex- 
cept a  thin  backing  of  brickwork  placed  against  the  sheet  piling 
which  surrounds  the  walls.  A  peculiar  and  what  appears  to  be  an  ex- 
cellent method  of  construction  of  the  walls  is  that  their  whole  inner 
faces  are  made,  not  out  of  concrete  built  in  situ,  but  of  granolithic 
concrete  blocks,  separately  molded  and  hardened,  and  then  built  into 
place  as  ashlar.     The  altars,  up  to  about  half  the  height  of  the  walls, 
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Mr.  Kennedy,  are  3  ft.  6  ins.  high  and  20  ins.  tread,  and  from  that  to  the  top  of  the 
walls  are  18  ins.  high  by  14  ins.  tread,  the  granolithic  blocks  being 
molded  to  the  height  of  the  altars  in  each  case,  so  that  a  course  of 
blocks  builds  an  altar.  The  coping  of  the  top  of  the  walls  is  also  of 
granolithic  blocks.  The  head  of  the  dock  is  semi-circular,  without 
altars,  and  is  lined  with  concrete  blocks  which  are  of  heights  corre- 
sponding to  the  adjoining  altar  courses,  but  these  blocks,  not  having 
exj)osed  tops,  are  made  of  ordinary  concrete  with  only  a  granolithic 
facing  3  ins.  in  thickness.  The  cost  of  the  dock  and  its  accessories, 
all  complete,  including  everything  except  the  purchase  of  land,  was 
£237  000=  $1  153  400,  which  is  remarkably  low  for  a  double  deck  of 
such  large  dimensions. 

An  older  example  of  a  concrete  dry  dock  in  Britain  is  that  at  New- 
port, completed  in  1890,  of  350  ft.  length  by  30i  ft.  dei^th,  and, 
although  built  on  a  very  difficult  site,  its  cost  was  only  $121  500. 

An  imjaortant  example  of  concrete  construction,  for  purposes  anal- 
ogous to  those  of  dry  docks  and  exposed  to  somewhat  severe  weather 
conditions,  is  that  of  the  locks  of  the  Trent  Canal  in  Ontario,  now 
being  built  by  the  Government  of  Canada. 

The  advantages  in  strength,  durability  and  economy  of  mainte- 
nance of  dry  docks  of  stone,  and  of  stone  and  concrete,  over  those  of 
wood,  have  been  ably  and  fully  shown  in  the  discussions  presented; 
and,  for  the  reasons  jiist  outlined,  the  speaker  adds  a  plea  for  dry 
docks  built  almost  wholly  of  concrete,  as  possessing  much  of  the  ad- 
vantages of  both. 
Mr.  Ritchie.  James  Ritchie,  M.  Am.  Soc.  C.  E. — The  speaker  built  a  dry  dock 
recently,  but  it  was  of  wood,  as  is  customary  on  the  lakes.  He  sug- 
gested that  the  abutments  be  built  of  stone,  but  the  cost  of  such  work 
was  the  objection  made  by  the  owners,  and  only  a  small  amount  of 
concrete  was  used.  It  is  a  large  dock,  560  ft.  long  and  100  ft.  wide,  but, 
as  has  been  stated,  it  has  the  one  advantage  of  a  wooden  dry  dock — it  is 
shallow,  only  17  ft.  on  the  sills;  consequently  it  is  considered  perfectly 
safe,  and  has  so  far  been  extremely  satisfactory.  For  a  dock  of  great 
dejjth,  or  for  docks  where  the  first  cost  is  not  the  essential  matter, 
stone,  or  concrete  lined  with  stone,  is,  in  the  sj^eaker's  opinion,  the 
only  proper  material  to  use. 
Mr.  Colling-  Feancis  Colmngwood,  M.  Am.  Soc.  C.  E.  (by  letter). — The  original 
cost  of  wood  construction  is,  of  course,  less  than  stone.  The  repairs 
and  renewals  are  a  matter  of  experience,  and  it  is  claimed  by  those 
having  long  experience  with  wooden  docks,  that  the  interest  on  the 
diflference  in  cost  between  them  and  stone  will  more  than  pay  for 
keeping  the  former  in  first-class  condition.  The  reduced  rate  of  in- 
terest now  prevailing,  however,  may  cause  a  change  in  this  regard. 

As  to  convenience,  etc.,  those  who  are  constantly  using  docks  are 
most  competent  to  speak.     Such  matters  as  length  of  shores  and  con- 
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venience  in  acljnsting  tliem,  convenience  in  handling    material  and,  Mr.  Colling- 
in  movements  of  men,  sJipperiness  and  cold  to  the  feet,  contents  to 
loe  pumped  oiit,  and  other  practical  matters  have  to  be  considered. 
As  the  writer's  connection  has  been  with  construction   only,   others 
can  speak  with  more  authority. 

It  is  to  be  regretted  that  the  experience  in  building  some  of  the 
recent  timber  dry  docks  has  in  a  measu.re  thrown  discredit  upon 
them.  Errors  in  judgment  in  engineering  matters  are  not  jvistly 
chargeable  against  a  system  of  construction  which  has  certainly 
j)roved  successful  in  many  existing  examples. 

CHAEiiES  H.  Haswell,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  Mr.  HaswelL 
thinks  it  is  to  be  regretted  that  the  subject  under  disciission  is  con- 
fined to  the  relative  fitness  of  the  material  of  a  dry  dock,  inasmuch  as 
piers  and  bulkheads,  erroneously  termed  docks,  are  of  more  general 
requirements  and  consequent  utility  than  docks  either  wet  or  dry. 
Custom  and  some  lexicographers  term  the  enclosed  space  between 
two  piers  a  dock,  whereas  it  is  strictly  a  basin,  although  colloquially, 
whether  the  structure  is  a  single  jsier  or  a  bulkhead,  it  is  termed  a 
dock. 

If  the  subject  had  included  piers  and  bulkheads,  whether  of 
masonry,  crib-work  or  rip-rap,  the  writer  would  avail  himself  of  the 
opportunity  to  refer  to  their  design  and  construction,  on  the  basis 
of  his  experience  and  observation;  but  as  the  subject  is  confined  to 
the  question  of  the  relative  merits  of  stone  and  wood  for  the  construc- 
tion of  dry  docks,  it  is  a  restricted  one,  as  it  embraces  only  the 
relative  cost  and  endurance  of  such  structures. 

If  the  period  of  construction  and  the  first  cost  are  controlling 
elements,  wood  alone  can  be  entertained,  as  it  involves  less  cost  of 
material  and  labor  in  construction,  not  only  in  its  walls,  but  in  its 
foundation.  Its  defective  elements  are  decay  and  damage  by  fire, 
involving  the  jjrobable  damage  or  destruction  of  a  vessel  under 
repaii's. 

If,  on  the  other  hand,  the  i:)eriod  of  its  construction  and  its  first 
cost  are  not  restricting  elements,  and  a  permanent  structure  is  re- 
quired, stone  or  concrete  is  not  only  indispensable,  but,  in  the  matter 
of  ultimate  cost,  it  is  questionable  if  frequent  repairs,  and  the 
l^eriodic  renewal  of  a  wooden  structure,  would  not  involve  a  greater 
cost  than  stone. 

Fbancis  T.  Bowles,  Esq.*  (by  letter). — After  thirteen  consecutive  Mr.  Bowies, 
years'  experience  in  the  active  use  of  wooden  and  stone  dry  docks  at 
the  Navy  Yards  at  Norfolk,  Va.,  and  New  York,  and  after  having  had 
sole  charge  of  the  rejaairs  to  the  wooden  dry  dock,  known  as  No.  3,  at 
the  latter  place,  in  which  it  was  necessary  to  reconstruct  the  whole 
entrance,  the  writer  wishes  to  express  an  unqualified  preference  for  a 
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Mr.  Bowles,  masonry  or  concrete  dry  dock  over  wooden  construction.  In  testifying 
before  a  Congressional  Committee  about  a  year  ago,  the  writer  ex- 
pressed the  following  opinion : 

"  I  believe  that  a  wooden  dry  dock  bears  the  same  relation  to  a 
stone  dry  dock  or  concrete  dock,  that  a  wooden  trestle  or  a  wooden 
bridge  bears  to  a  steel  bridge  or  stone  culvert.  I  consider  it  a  tempo- 
rary structure." 

This  opinion  appears  to  present  the  case  fairly. 

The  wooden  dry  docks  built  10  or  12  years  ago  for  the  Navy  have 
served  their  purpose  well;  they  were  cheap,  and  admitted  of  easy  and 
rapid  construction  by  unlearned  persons.  They  were  built  at  a  time 
when  little  attention  was  given  to  the  subject  of  dock  construction  in 
this  country,  and  when  materials  for  stone  and  concrete  work  were 
very  expensive.  Moreover,  these  decks  suj^plied  an  immediate  and 
pressing  need  which  at  the  time  could  not  have  been  otherwise  met. 
It  is  now  known  that  the  deterioration  which  they  have  developed  and 
the  essentially  temporary  character  of  the  work  and  material  of  their 
construction,  show  that  their  continued  use  involves  danger  and  great 
expense  for  repairs. 

Consideration  of  the  most  elementary  principles  of  engineering  leads 
to  preference  for  jiermanent  rather  than  temporary  construction  where 
cost  is  not  prohibitive,  and  at  the  present  time  the  cost  of  concrete  and 
stone  construction  is  sufficiently  low  to  require  of  the  Government  the 
most  durable,  safe  and  best  construction  of  its  dry  docks. 

This  opinion  is  not  derived  from  the  recent  bids  on  the  new  dock  at 
Boston,  which,  to  the  writer,  ajjpear  to  be  inconclusive.  He  is  strongly 
opposed  to  the  letting  of  contracts  for  the  building  of  a  whole  dry  dock 
to  one  person  or  corjioration,  on  the  ground  that  the  nature  of  the 
undertaking  involves  too  many  undetermined  elements  to  enable  any 
person  to  make  a  bid  which  will  enable  him  to  do  the  best  work 
throughoiit.  The  work  should  be  iinder  the  sole  charge  of  a  compe- 
tent engineer,  who  should  control  absolutely  the  conduct  of  the  work, 
and  let  contracts  from  time  to  time  for  delinite  portions,  on  which  clear 
and  definite  specifications  can  be  made.  That  is  good  business,  and  in 
the  end  will  produce  the  best  results.  This  digression  from  the  main 
subject  will  possibly  be  j^ardoned,  because,  in  advocating  stone  or  con- 
crete docks,  it  is  the  writer's  ojainion  that  the  engineering  problems 
are  great,  and  must  be  treated  by  modern  methods. 
Mr.  Boiler.  x\lfked  P.  BoLiiEK,  M.  Am.  Soc.  C.  E.  (by  letter). — It  is  astonishing 
that  a  controversy  regarding  the  relative  merits  of  stone  and  wooden 
dry  docks  should  be  given  serious  consideration  by  a  great  government 
like  that  of  the  United  States.  That  such  a  controversy  does  exist  is 
a  sad  commentary  on  the  intelligence  of  the  source  of  ultimate  power, 
the  National  Congress.  There  are  some  questions  that  have  only  one 
side,  and  this  is  one  of  them.  It  is  so  thoroughly  one-sided  that  only 
the  crass  selfishness  of  interested  parties,  operating  in  some  mysteri- 
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ous  way  upon  Cougress,  forces  a  consideration   of  the  subject  at  all.  Mr.  Boiler. 
Is    there  another   civilized   government  tinder   the   sun   that    would 
thrust  aside  the  united  demands,  yes,  pleadings,   of  its  technical  ex- 
perts to  do  the  right  thing,  simply  for  the  sake  of  maintaining  a  special 
private  interest,  whose  business  is  building  wooden  docks? 

Stone  or  wooden  docks  !  As  well  ask  our  railways  to  build  wood 
instead  of  stone  or  steel  bridges.  The  only  so-called  arguments  ad- 
vanced for  wooden  dry  docks  are  those  of  economy  and  expeditious 
construction.  Economy  of  first  cost  is  one  thing,  and  economy  of  en- 
durance and  maintenance  is  another.  Rapidity  of  construction  is  a 
matter  of  little  importance  for  a  Government  work,  compared  to  solid- 
ity and  endurance,  but  modern  methods  of  executing  work  permit  of 
such  rapidity  of  performance  that  almost  any  reasonable  expectation 
of  time  can  be  met.  What  if  it  does  take  twice  as  much  time  to  build 
a  stone  dock  as  a  wooden  one;  when  the  work  is  done  it  is  done  for  all 
time  i^ractically,  and  it  can  be  operated  with  absolute  confidence  and 
freedom  from  the  anxiety  that  always  attends  a  wooden  dock.  Abso- 
lute safety  and  economy  of  endurance  are  the  cardinal  requirements 
for  any  dry  dock  suitable  for  the  purposes  of  a  modern  navy,  with  its 
deep-draught  battleshii:)s,  which  can  only  be  met  by  using  imperishable 
material.  To  build  such  docks  of  wood,  that  commence  to  depreciate 
from  the  day  of  their  completion,  deteriorating  increasingly  with  the 
years,  until  absolutely  worthless,  is  serious  folly  that  is  belittling  to 
our  naval  administration,  a  waste  of  the  public  funds,  and  a  source  of 
ridicule  with  competitive  nations.  A  wooden  dry  dock  is  all  well  • 
enough  for  temjjorary  purjjoses,  or  to  meet  the  necessities  of  an  im- 
poverished government,  or  the  financial  limitations  of  a  private  party. 
The  United  States  is  in  no  such  impecunious  position,  and  is  expand- 
ing into  a  naval  power,  the  limits  of  which  no  man  can  foresee. 
This  country  is  destined  to  a  restoration  of  a  merchant  marine  that  will 
recreate  the  long-lost  glory  of  the  seas,  now  only  a  reminiscence,  and  on 
a  scale  commensurate  with  the  activities  of  a  hundred  million  of  peoj^le, 
backed  with  unlimited  resources.  For  the  Government  of  such  a 
nation  to  even  talk  of  building  wooden  dry  docks,  is  preposterous. 
While  it  is  gratifying  to  know  that  the  comparative  cost  between 
the  two  systems  of  docks  shows,  perhaps,  25%"  difference  (according 
to  recent  tenders),  the  question  of  first  cost,  to  the  writer's  mind,  cuts 
no  figure  at  all.  The  United  States  cannot  afford  to  build  wooden 
docks,  even  on  a  simple  financial  comparison,  as  the  statistics  so 
elaborately  discussed  by  the  naval  speakers,  demonstrate  beyond 
cavil.  Whether  stone  dry  docks  cost  much  or  little,  whether  they 
take  twice  as  long  to  build  as  wooden  ones  or  not,  there  is  but  one 
thing  for  the  United  States  Government  to  do,  and  that  is  to  build 
stone  docks,  even  at  the  risk'of  hurting  the  feelings  of  existing  wooden 
dry  dock  companies. 
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Mr.Mohun.  Edwaed  Mohun,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  is 
thoroughly  in  accord  with  those  who  hold,  that  while  a  commercial 
company,  or  j)rivate  individual,  may  be  justified,  from  financial  con- 
siderations, in  the  use  of  timber  for  these  works,  yet  that  a  great 
and  wealthy  maritime  nation  would  be  ill  advised  if,  through  the 
parsimony  of  its  rulers,  other  than  the  best  and  most  enduring  ma- 
terial were  made  use  of  in  constructions  on  which  in  time  of  war  the 
efficiency  and  possibly  the  very  existence  of  its  fleet  might  depend. 

The  dry  dock  at  Esquimalt,  B.  C,  was  opened  in  July,  1887;  H. 
M.  S.  Cormorant  being  the  first  to  enter. 

Its  dimensions  are:  Length  of  floor,  450  it.,  which  can  be  increased 
to  481  ft.,  by  bex'thing  the  caisson  at  the  outer  invert;  breadth  of 
entrance,  65  ft. ;  breadth  at  coping,  90  ft. ;  breadth  of  floor,  41  ft. ; 
depth  on  sill  at  ordinary  high  water,  2Gi  ft.,  and  at  high  spring  tides 
from  29  to  30  ft. 

The  body  of  the  dock  is  constructed  of  concrete  faced  with 
masonry. 

From  the  bills  of  quantities  there  were  used  in  its  construction: 
30  639  cu.  yds.  of  concrete,  6  556  cu.  yds.  of  brickwork,  and  109  887 
cu.  ft.  of  masonry. 

Its  cost  was  about  §900  000. 

It  has  been  in  almost  constant  use  for  nearly  12  years,  and  the 
writer  is  informed  by  the  Dock  Master  that  the  repairs  to  the  body 
of  the  dock,  during  that  period,  have  been  effected  at  the  cost  of  five 
barrels  of  cement  and  a  week's  wages  to  a  mason. 

During  the  last  years  the  cost  of  replacing  defective  work  on  the 
caisson  chamber  and  pump  wells  has  been  about  .'tp4  000.  Owing  to 
the  records  having  been  destroyed  by  fire,  it  is  imiaossible  to  give  the 
correct  figures.  Much  of  this  expenditure  appears  to  have  been  caused 
by  the  use  of  brickwork  in  the  pump  wells  and  entrance  works.  The 
wi'iter  regrets  his  inability  at  the  present  moment  to  furnish  the 
actual  cost  of  these  repairs,  but  it  appears  reasonable  to  assume  that, 
had  the  same  material  been  used  as  in  the  body  of  the  dock,  their  cost 
would  have  been  reduced  to  a  minimum. 

The  pumps  have  been  furnished  with  two  new  sets  of  rubber 
valves,  and  a  new  pinion  and  spur  wheel  have  been  added  to  the 
machinery. 

Irrespective  of  the  tendency,  of  late  years,  to  inci'ease  the  size  of 
warships,  it  would  seem,  that  to  fulfill  all  the  conditions  under  which  its 
services  might  be  needed,  a  dry  dock  should  be  long  enough  to  take 
the  longest  vessel  in  the  fleet,  wide  enough  at  the  entrance  to  take 
that  of  the  greatest  beam,  and  with  depth  on  the  sill  to  take  that  of 
the  greatest  draught. 

The  following  are  the  dimensions  of  the  largest  ships  in  the  British 
Navy: 
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Battle-ships,  Majestic  class:  Length,  390  ft. ;  beam,  75  ft. ;  draught,  Mr.  Mohun. 
27^  ft.     There  are  nine  of  this  class. 

The  Powerful  and  the  Terrible  are  the  two  largest  cruisers  of  the 
British  Navy  atloat,  and  have  a  length  of  500  ft.,  a  beam  of  71  ft., 
and  a  draught  of  27  ft. 

It  ajipears  to  the  writer  that  the  least  dimensions  of  dry  docks  for 
the  use  of  the  British  Navy  at  outlying  stations  would  be:  Length  of 
floor,  500  ft.;  width  at  entrance,  80  ft.,  and  dejath  on  sill,  30  ft. 
Probably  few  engineers  would  recommend  the  construction  of  timber 
docks  of  such  dimensions  to  receive  battle-shij)s  of  15  000  tons  dis- 
placement. 

A  few  weeks  ago  the  writer  was  discussing  with  the  captain  of 
the  flagship  on  this  station  the  size  of  docks  required  by  the  later 
additions  to  the  British  Navy,  and  that  gentleman  pointed  out  that 
under  certain  possible  conditions  a  very  great  depth  on  the  sill  might 
be  needed.  It  must  be  understood  that  this  was  simply  in  conversa- 
tion and  possibly  might  not  be  the  result  of  mature  consideration  on 
his  i^art. 

For  instance,  supjDose  a  vessel  with  her  bows  stove  in  and  her 
forward  compartments  full  of  water,  the  result  perhai)s  of  a  naval 
action  or  collision;  it  is  obvious  that  she  would  be  down  by  the  head 
possibly  10  ft.  more  than  her  normal  draught,  and  to  enter  the  dock 
would  need  a  great  depth  on  the  sill.  The  ofiicer  above  referred  to 
suggested  that  a  depth  of  40  ft.  on  the  sill  might  be  required  in  such 
an  emergency. 

To  the  writer  this  is  an  entirely  new  view,  on  which  he  does  not 
feel  competent  to  express  an  opinion. 

A  case  somewhat  in  point,  however,  occurred  here  a  few  years  ago. 
The  second-class  cruiser,  Amphlon,  4300  tons,  with  a  usual  draught  of 
221  ft.,  was  taken  into  dock  after  ripping  up  her  bottom  on  a  rock. 
She  reached  the  dock  at  high  water,  and  was  just  able  to  enter,  graz- 
ing the  sill. 

The  Admiralty  grant  toward  the  construction  of  the  Esqu.imalt 
dock  was  ^250  000,  and  this  single  use  of  the  dock  i^robably  recouped 
the  amount  and  possibly  saved  a  vessel  to  the  British  Navy. 
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By  Desmond  FitzGekald,  President,  Am.   Soc.  C.  E. 


The  first  Annual  Convention  of  this  Society,  held  in  June,  1869, 
was  the  beginning  of  a  long  series  of  conventions,  held  uninterrupt- 
edly from  that  time  to  the  present,  which  have  proved  to  be  of  the 
greatest  benefit,  not  only  to  the  Society,  but  to  the  profession  of  the 
civil  engineer.  At  about  that  time  applications  for  membership  were 
falling  off,  and  there  were  other  jiremonitory  symptoms  of  weakness. 
The  Convention  was  designed  to  bring  members  together  and  to 
strengthen  the  chain  which  was  to  bind  the  profession  into  a  firmer 
union.  The  designer  builded  better  than  he  knew,  for  this  great 
annual  meeting  has  ever  since  acted  as  one  of  the  most  powerful  influ- 
ences in  our  progress. 

The  Annual  Convention  Avas  also  planned  for  the  reading  and  dis- 
cussion of  i^rofessional  papers,  for  the  improvement  of  the  members 
and  for  the  encouragement  of  social  intercourse.  It  does  not  appear 
under  which  of  these  heads  the  Address  of  the  President  may  be 
included,  but  whatever  its  effects  upon  others  or  upon  the  profession, 
there  is  little  doubt  of  its  effect  ujDon  the  occupant  of  the  office.  It 
seems  highly  probable  that  one  filling  this  exalted  station  might  not 
only  survive  all  the  trials  that  beset  the  way,  but  might  even  go  so  far 
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as  to  enjoy  the  distinction,  were  it  not  for  this  consumer  of  midnight 
oil — the  Annual  Address.  For  the  present  incumbent,  the  choice  of  a 
subject  became  unusually  difficult  from  the  fact  that  his  immediate 
predecessors  in  office  had  so  ably  covered  the  field.  In  1895,  in 
Boston,  the  meaning  and  position  of  the  profession  and  the  Society, 
and  the  new  epoch  of  the  manufacture  of  power,  were  discussed  by 
Mr.  George  S.  Morison  with  a  power  of  analysis  which  is  rarely 
equalled;  in  1896,  at  San  Francisco,  Mr.  Thomas  C.  Clarke  entered 
the  lists  with  his  exhaustive  relations  between  science  and  engineer- 
ing; in  1897,  at  Quebec,  Mr.  Benjamin  M.  Harrod  delivered  one  of  the 
ablest  of  our  long  series  of  addresses,  on  the  relation  of  civil  engineer- 
ing to  the  progress  of  the  present  time  and  country,  of  its  opportu- 
nities and  limitations,  and  the  responsibilities  and  duties  of  our  Society; 
and  last  year,  at  Detroit,  Mr.  Alphonse  Fteley  drew  from  his  rich 
experience  for  a  review  of  the  progress  of  engineering.  After  such 
intellectual  feasts  it  may  not  be  wondered  at  if  one  in  this  position 
asks  himself  :  "  Are  there  any  crumbs  left  for  me  to  distribute  ?" 

Those  who  have  had  occasion  to  study  the  early  condition  of  engi- 
neering in  this  country  and  the  lives  of  the  fathers  of  the  profession, 
must  have  been  struck  Avith  the  paucity  of  the  literature  of  the  sub- 
ject. As  we  are  apt,  in  the  feverish  hurry  that  svirrounds  the  engross- 
ing pursuits  of  the  present  day,  to  overlook  the  debt  we  owe  to  the 
founders  of  civil  engineering  in  the  United  States,  and  as  the  close  of 
the  century  is  an  appropriate  time  for  historical  review,  I  have  con- 
cluded to  call  your  attention  to  a  few  of  the  earliest  i^ublic  works  con- 
structed in  this  country,  and  jjarticularly  to  the  men  who  designed 
and  built  them. 

The  history  of  engineering  in  America  is  naturally  divided  into 
four  periods: 

First. — That  from  1785  to  1800,  embraced  in  the  earliest  public 
works  of  the  country  of  the  nature  usually  undertaken  by  the  civil 
engineer. 

Second. — That  from  1810  to  1830,  beginning  with  the  revival  of 
works  of  internal  improvement  after  a  long  period  of  inaction,  and 
extending  to  the  invention  of  the  railroad. 

Third. — That  from  1830  to  1818,  beginning  with  railroads  and 
extending  to  the  formation  of  the  engineering  societies. 

Fourth. — That  from  1848  to  the  present  time. 


598  ADDRESS    OF    PRESIDENT    DESMOND    FITZGERALD. 

Only  a  rapid  survey  of  the  first  three  of  these  i^eriods  will  be 
attempted. 

Before  the  Revolutionary  War  of  177(5,  the  spirit  of  internal  im- 
provement had  already  begun  to  make  itself  manifest  throughout  the 
Colonies  in  various  directions.  Nowhere  had  this  spirit  taken  more 
definite  form  than  on  the  banks  of  the  Potomac. 

To  John  Bellendine,  of  Fairfax  County,  Virginia,  a  person 
described  as  possessing  skill  and  judgment  in  water-works,  is  prob- 
ably due  the  credit  of  first  putting  in  definite  form  a  scheme  for 
connecting  the  Potomac  River  with  the  Monongahela,  and  the  James 
with  the  Kanawha.  Bellendine  came  as  near  being  a  civil  engineer 
as  any  one  else  in  the  country  at  that  time.  He  joublished,  in  1773, 
his  plans  for  constructing  canals  and  locks  for  the  imi^rovement  of 
the  navigation  of  these  rivers.  Washington,  who  was  almost  an 
engineer,  had  already  planned  projects  for  connecting  the  Atlantic 
Coast  with  the  almost  unknown  wilds  beyond  the  Alleghenies,  but 
war  stopped  the  hand  of  progress  in  public  works,  and  it  was  not 
until  peace  had  been  declared  that  the  country  once  more  turned 
to  works  of  internal  improvement.  Here  Washington  again  took  a 
leading  part,  and  by  his  exertions  was  largely  instrumental  in  procur- 
ing from  the  legislatures  of  Virginia  and  Maryland  a  charter  incorjDo- 
rating  the  Potomac  Company,  formed  for  the  purpose  of  opening  the 
waters  of  Chesapeake  Bay  to  navigation  from  the  interior  rivers  of  the 
States,  and  ultimately  to  connect  with  the  Ohio  River.  This  was  the 
earliest  charter  for  any  work  of  considerable  magnitude  worthy  of 
being  classified  under  engineering.  Washington  was  elected  the  first 
l^resident  of  the  comj^any  in  1785,  and,  after  subscriptions  of  stock, 
the  work  of  improvement  began.  For  some  time  this  was  confined  to 
the  removal  of  rocks  from  the  bed  of  the  Potomac  River  as  far  as  the 
Great  Falls,  but  the  real  difficulties  of  surmounting  the  76  ft.  of  rise 
in  these  falls  called  for  the  services  of  an  engineer. 

In  a  letter  to  Edmund  Randolph,  dated  September  16th,  1785, 
Washington  wrote: 

"And  as  the  Great  Falls  are  tremendous  and  the  navigation  thereof, 
in  whatever  manner  it  is  attempted,  will  require  much  skill  and  prac- 
tical knowledge  in  the  execution;  we  propose,  before  this  is  under- 
taken, to  invite  a  proper  person  from  Europe,  who  has  been  employed 
in  works  of  this  kind,  as  a  superintendent  of  it." 
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It  is  probable  that  some  forei{2;n  engineers  advised  and  perhaps 
designed  the  locks  around  the  Great  Falls. 

Work  on  the  Potomac  Canal  languished  toward  the  last  of  the  cen- 
tury, and,  in  common  with  all  the  other  great  tindertakings  of  the 
day,  slept  until  awakened  many  years  later,  when  the  Chesajieakeand 
Ohio  River  Canal,  which  absorbed  all  the  works  of  the  old  Potomac 
Company,  was  formed  in  1823. 

On  January  5th,  1786,  an  Act  for  cleaning  and  improving  James 
River  was  obtained.  Under  this  Act,  the  old  James  River  Company 
constructed  a  canal  around  the  falls  on  James  River,  extending  from 
Richmond  to  Westham,  a  distance  of  about  seven  miles,  and  improved 
the  bed  of  the  river  by  sluices  as  far  as  Buchanan. 

The  Dismal  Swamp  Canal,  extending  from  a  point  on  the  Elizabeth 
River,  near  Norfolk,  to  Albemarle  Sound  in  North  Carolina,  and  pass- 
ing through  the  Great  Dismal  Swamp,  in  the  States  of  Virginia  and 
North  Carolina,  was  chartered  in  1787,  and  a  large  amount  of  work  was 
done  befoi'e  the  close  of  the  century;  but  progress  was  so  slow  that  the 
actual  connection  of  the  waters  of  Chesapeake  Bay  with  Albemarle 
Sound  was  not  made  until  after  the  War  of  1812. 

The  operations  of  the  James  River  Company  and  the  Dismal 
Swamp  Canal,  undertaken  at  about  the  same  time  as  the  Potomac 
Canal,  are  so  similar  in  many  of  their  features  that  they  need  not  be 
described.  The  larger  part  of  these  enterj)rises  was  in  the  nature  of 
river  improvement,  combined  with  lockage  at  the  rapids  or  falls. 

In  1784,  South  Carolina  started  a  project  for  the  construction  of 
the  Santee  Canal,  the  first  true  canal  in  the  country,  of  which  the 
name  is  now  almost  entirely  forgotten.  This  canal  was  22  miles  in 
length,  and  was  built  for  the  purpose  of  connecting  the  Santee  River 
with  the  tidal  headwaters  of  Cooper  River,  which  empties  into 
Charleston  Harbor. 

The  charter  for  the  Santee  Canal  was  obtained  March  22d,  1786. 
Work  was  begun  in  1793,  and  the  canal  was  finished  in  1800.  As  this 
was  the  first  work  of  internal  imijrovement  constructed  in  this  country, 
antedating  the  famous  Middlesex  Canal  by  about  three  years,  it 
possesses  an  unusual  interest  in  a  consideration  of  the  history  of 
engineering  in  this  country.  The  Chief  Engineer  and  Director  was 
Colonel  Christian  Senf,  a  Swedish  engineer,  who  was  at  that  time 
Chief  Engineer  of  the  State  of  South  Carolina.     The  total  rise  and  fall 
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of  the  canal  was  103  ft.,  overcome  by  eight  single  and  two  double  or 
coupled  lift-locks,  varying  from  5  to  10  ft.  lift,  and  built  of  stone  or 
brick  masonry  with  wooden  gates.  The  boats  were  54  ft.  long,  9  ft. 
beam  and  2.V  ft.  draft.  The  average  dimensions  of  the  canal  were 
35  ft.  wide  at  top,  '20  ft.  at  bottom,  and  4  ft.  depth  of  water.  The 
canal  was  furnished  with  25  flood  gates,  several  overfalls,  abutments 
and  walls  for  bridges,  and  for  13  miles  of  its  course  the  digging  was  15 
ft.  deep.  The  work  was  constructed  by  negro  laborers,  two-thirds  of 
them  being  men  and  one-third  women,  and  they  were  paid  £15  to  £16 
per  year. 

The  reports  of  the  engineer  are  exceedingly  interesting.  The  fol- 
lowing is  an  extract  from  one  of  them: 

"  You  and  the  Board  of  Directors  will  be  j^leased  to  remember  that 
from  the  beginning  of  the  work  I  have  never  been  able  to  meet  with  a 
tradesman  or  any  other  person  to  assist  me  who  had  ever  been  em- 
ployed uiJon  similar  work.  Of  course,  being  obliged  to  lay  out  every 
kind  of  work  myself,  and  to  direct  its  execution,  I  have  not  been  able 
to  give  you  from  time  to  time  my  progress,  as  is  usual." 

There  is  something  heroic  in  the  simple  descrij^tions  of  this  engi- 
neer who  alone  undertook  to  carry  his  work  to  comjiletion  in  the  face 
of  fevers,  lack  of  facilities,  and  every  conceivable  obstacle.  There  is 
nowhere  a  reference  to  its  being  the  first  work  of  its  kind  in  the 
country,  no  bombast,  no  flourish  of  trumpets,  only  the  straightforward 
reports  of  the  honest  engineer  striving  to  bring  order  out  of  chaos. 
The  summit  level  of  the  canal  was  5  miles  in  length  and  was  to  have 
been  fed  by  reservoirs  and  swamps,  which,  however,  afterward  proved 
insufficient,  and  this  was  one  of  the  principal  causes  of  the  failure  of 
the  canal. 

In  1880,  Colonel  Q.  A.  Gillmore  was  requested  to  report  ujjon  the 
re-opening  of  the  canal,  under  authority  of  a  i^rovision  in  the  Land  and 
Harbor  Bill.  The  report  was  not  favorable,  but  the  engineers  found 
the  canal  almost  intact,  although  covered  with  a  growth  of  timber  and 
brush.  The  locks  were  generally  in  place,  with  the  excej^tion  of  the 
gates,  which  had  gone  to  decay.  On  the  advent  of  railroads,  the  canal 
was  abandoned.  The  original  cost  of  the  canal  was  $650  667.14,  and 
the  ultimate  cost  $1  100  000.00.  The  company  owned  110  slaves  and 
6  000  acres  of  land. 

A  project  which  was  proposed  and  discussed  long  before  the 
Kevolutionary  War,  in  fact  by  Penn,  in   1090,  was   that  of  uniting 
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the  Scliuylkill  and  Susquehanna  rivers  by  a  canal.  The  first  ex- 
plorations were  made  by  a  Committee  of  the  American  Philosophical 
Society  in  1770.  The  same  route  was  surveyed  again,  a  little  later, 
by  the  astronomer,  David  Rittenhouse.  In  1789  a  few  public  spirited 
citizens  formed  an  association  and  proposed  various  plans  to  the 
Legislature,  and  in  the  following  year  commissioners  were  a^jpointed 
to  explore  several  routes.  This  action  resulted  in  the  formation  of 
two  companies. 

The  first  was  the  Schuylkill  and  Susquehanna  Navigation  Com- 
pany, incorporated  in  1791,  to  open  a  communication  between  the 
Schuylkill  and  Susquehanna  rivers  from  Reading  on  the  Schuylkill 
to  Middletowu  on  the  Susquehanna. 

The  second  was  the  Delaware  and  Schuylkill  Navigation  Company, 
incorporated  in  1792,  to  open  a  canal  from  Philadelphia  along  the  east 
branch  of  the  Schuylkill,  16  miles,  to  Norristown. 

As  soon  as  the  com^janies  were  organized,  committees  were  ap- 
pointed to  siiperintend  the  commencement  of  the  respective  works. 
Unfortunately  there  was  no  engineer  at  that  time  in  Pennsylvania 
competent  to  aid  the  committees;  they,  therefore,  sent  to  England 
and  engaged  Mr.  William  Weston,  an  engineer  of  reputation,  to 
come  out  and  manage  both  works.  In  the  meantime,  the  committees 
did  not  think  it  proper  to  remain  idle.  They  commenced  the  respective 
undertakings,  and  had  each  well  under  way  when  Mr.  Weston  arrived, 
in  Janviary,  1793. 

Early  in  the  following  year  Mr.  Weston  made  a  report  on  the 
Schuylkill  and  Susquehanna  navigation,  to  the  effect  that  the  un- 
erring test  of  experience  had  proven  the  inefficiency  of  undertaking 
to  open  water  communication  by  the  beds  of  the  creeks,  and  recom- 
mended the  construction  of  a  canal  70  miles  in  length  from  the  Schuyl- 
kill to  the  Susquehanna.  The  expense  he  estimated  at  $821  330.60,  in 
addition  to  the  MOO  000  already  subscribed. 

The  company  soon  became  convinced  that  Mr.  Weston  was  right. 
Anticipating  legislative  aid,  they  worked  under  Weston's  guidance 
through  1794.  In  December,  1791:,  five  locks  of  6  ft.  fall  and  two  road 
bridges  had  been  completed,  and  progress  had  been  made  on  the  sixth 
lock.     In  this  state  work  was  suspended,  with  $250  000  spent. 

In  December,  1794,  Mr.  Weston  made  a  report  in  regard  to  the 
Delaware  and  Schuylkill  project,  in  which  he  said:    "  That  one-third 
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of  the  work,  about  5  miles,  was  finished,  and  that  contracts  were 
formed  and  forming  for  a  vigorous  prosecution  of  the  remainder,"  and 
"that  the  whole  canal  of  16  miles  could  be  completed  for  the  sum 
authorized,  MOO  000,"  and,  "if  the  stockholders  would  punctually 
pay  the  sums  subscribed  by  them,  a  toll  for  a  part  of  the  canal  might 
be  drawn  in  1796,  and  the  whole  completed  in  1797  or  1798."  In  spite  of 
every  efi'ort,  however,  the  work  languished,  and  in  1796,  when  nearly 
6  miles  of  the  canal  were  navigable,  the  work  entirely  ceased.  The 
sum  of  $221  710.06   had  been  spent  on  this  undertaking. 

In  1811  these  two  companies  were  galvanized  into  life  under  the 
name  of  "The  Union  Canal,"  but  no  active  operations  were  begun 
until  1821,  when  this  historic  work  was  begun  and  pushed  to  comple- 
tion, in  1827,  sixty-five  years  after  the  first  survey,  at  a  cost  of 
$1  600  000. 

The  Schuylkill  navigation  was  among  the  earliest  works  of  this 
period.  It  was  chartered  in  1815,  and  work  was  commenced  in  1816. 
The  entire  length  of  works  controlled  by  the  company,  including 
slack-water  navigation,  was  108  miles.  There  were  31  dams  and  120' 
locks  in  this  distance,  and  the  total  lockage  was  620  ft.  Navigation 
was  opened  in  1825  for  boats  carrying  18  tons.  The  engineer  was 
Thomas  Oakes,  and  some  of  the  works  built  by  him  are  still  in  use. 
Oakes  must  have  been  an  engineer  of  ability,  and  he  probably  came 
from  England. 

George  Duncan,  a  Scotch  engineer,  who  succeeded  him,  built  the 
old  tunnel  below  Pottsville  and  also  the  Tumbling  Run  reservoir 
system  of  the  Schuylkill  navigation,  consisting  of  earth  dams,  one  48 
ft.  and  the  other  60  ft.  in  height.  Duncan  also  designed  and  built  the 
dams  in  the  river  above  Reading,  and  the  Duncan  Canal,  all  now  in  use 
and  described  as  admirable  works. 

"While  enthusiasm  for  the  constructien  of  work  of  inland  naviga- 
tion was  aroused  further  to  the  South,  the  great  State  of  New  York 
was  not  idle.  Many  years  before  the  close  of  the  eighteenth  century 
public  attention  had  been  directed  toward  the  great  valleys  of  the 
Mohawk  and  Hudson  as  furnishing  a  means  of  water  communication 
between  the  City  of  New  York  and  the  Great  Lakes.  The  first  steps 
were  not  taken,  however,  until  March,  1791,  when  an  Act  was  obtained 
to  ojien  communication  between  Wood  Creek  and  the  Mohawk  River, 
and  also  providing  for  a  connection  between  Lake  Champlain  and  the 
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Hudson.  The  latter  was  known  as  tlie  Northern  Canal  and  the  former 
as  the  Western  Canal.  Under  this  Act,  Mr.  Abraham  Hardenbergh,  a 
skilful  and  experienced  surveyor,  assisted  by  Mr.  Benjamin  Wright,. 
made  the  survey  in  September  and  October,  1791.  Mr.  Wright  was 
destined  later  to  a  career  of  fame  as  one  of  the  first  native  civil 
engineers  in  America. 

In  March,  1792,  an  imijortant  Act  was  passed  by  the  Legislature  of 
New  York  jjroviding  for  "opening  a  lock  navigation  from  the  navig- 
able part  of  Hudson  River,  to  be  extended  to  the  Seneca  and  Ontario 
Lakes."  This  legislation  gave  practical  form  to  the  idea  of  connecting 
the  Hudson  with  the  Great  Lakes. 

The  Western  Inland  Lock  Navigation  Company  immediately  began 
active  work  on  the  improvement  of  the  Oneida  Lake,  Mohawk  and 
Seneca  Rivers.  These  waters  were  opened  from  Schenectady  to  the 
Seneca  Falls  in  1796  for  navigation  by  boats  of  15  tons  burden.  The 
first  locks  were  built  of  wood,  as  were  those  on  the  Potomac,  and 
their  decay  and  failure  proved  a  serious  blow  to  the  stockholders. 

William  Weston  was  employed  as  engineer,  and  he  rebuilt  the 
locks  with  masonry,  but  at  such  a  cost  as  to  exhaust  the  resources  of 
the  company.  It  is  stated  that  the  wooden  locks  at  the  Little  Falls, 
German  Flats  and  Rome  went  to  decay  in  about  six  years,  and  that  they 
were  rebuilt  with  brick,  which  again  failed  owing  to  the  quality  of 
the  mortar,  which  was  probably  of  lime. 

Following  closely  on  the  construction  of  the  southern  canals  came 
the  great  undertaking  of  that  day  in  New  England — the  Middlesex 
Canal,  which  had  the  honor  of  being  the  second  real  canal  constructed 
in  the  United  States. 

The  charter  was  obtained  in  June,  1793,  under  the  title  of  "  Pro- 
prietors of  the  Middlesex  Canal."  Samuel  Thompson,  of  Woburn, 
afterward  Count  Rumford,  was  engaged  to  run  the  levels,  but  the 
accuracy  of  his  work  was  doubted  by  the  directors,  and  on  March  1st, 
1794,  Col.  Loammi  Baldwin  was  authorized  to  proceed  to  Philadelphia 
and  secure  the  services  of  Mr.  Weston,  who  ran  the  levels  in  July,  and 
on  August  2d  endorsed  the  feasibility  of  the  canal  and  estimated  the 
expense  at  ^500  000.  It  was  decided  to  proceed  with  its  construction, 
and  Col.  Baldwin,  the  father  of  three  distinguished  civil  engineers  and 
the  discoverer  of  the  Baldwin  apple,  was  appointed  Superintendent. 

The  Merrimac  River  flows  in  a  southeasterly  direction  from  New 
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Hampshire,  and,  when  within  about  27  miles  of  Boston,  abruptly 
turns  to  the  northeast.  It  was  intended,  by  means  of  the  Middlesex 
Canal,  to  unite  this  angle  of  the  river  with  Boston,  and  provide  a 
market  for  the  commerce  of  the  rivei*. 

The  beginning  of  the  canal  was  at  a  point  on  the  Merrimac  River 
about  2  miles  above  the  present  City  of  Lowell,  which  at  that  time  did 
not  exist.  Its  length,  to  the  Charlestown  mill-pond,  the  easterly 
terminus,  was  27:\  miles.  It  was  30  ft.  wide  and  4  ft.  deep ;  on  its  course 
were  7  aqueducts,  20  locks  and  50  bridges.  The  Concord  Eiver  was 
37  ft.  higher  than  the  Merrimac  and  107  ft.  above  tide,  and  was  ample 
in  volume  to  feed  the  canal  in  both  directions.  A  stone  guard  lock  was 
located  on  each  bank  of  the  Concord,  with  a  floating  tow-path  between. 
In  the  Merrimac  itself  there  were  three  stone  locks.  Many  of  the 
structures  were  built  of  timber  supported  on  stone,  and  these 
structures,  which  soon  began  to  decay,  were  the  source  of  much  em- 
barrassment and  expense.  The  canal,  to-day,  can  be  traced,  but  not 
without  difficulty.  Portions  of  it  have  been  absorbed  into  highways; 
sewers  and  water  pipes  are  laid  in  its  bed;  and,  at  Wilmington,  the 
stone  sides  of  a  lock  form  the  cellar  of  a  house. 

The  water  was  let  into  the  canal  in  18u2,  and  it  was  opened  for 
public  use  in  1803. 

The  managers  had  included  in  their  far-reaching  plans  the  com- 
pletion of  the  navigation  of  the  river  for  80  miles,  and  actually  built 
many  other  smaller  canals  around  the  falls  and  rapids  of  the  Merri- 
mac. These  works  requirad  the  constant  expenditure  of  money.  Some 
idea  may  be  had  of  the  far-reaching  views  of  the  jirojectors  of  the  Mid- 
dlesex Canal  when  it  is  considered  that  they  looked  forward  to  a  direct 
connection  by  water  with  Concord,  N.  H.,  and  thence,  by  way  of  Sun- 
najjee  Lake,  to  the  Connecticut  at  Windsor,  Vt.,  and  thence  to  the  St. 
Lawrence  and  Canada.  Their  dreams,  however,  were  destined  never 
to  be  realized.  The  building  of  the  Boston  and  Lowell  Railroad 
parallel  to  the  canal  was  the  signal  for  its  decline;  it  was  closed  in 
1846  and  its  charter  forfeited  in  1859.  The  total  cost  of  the  canal  was 
^613  000.     The  price  of  labor  was  $10  a  month  and  board. 

Inns  were  built  along  the  route,  where  the  boatmen  congregated  at 
night,  as  the  canal  was  not  allowed  to  be  used  after  dark.  Black 
straja,  a  mixture  of  rum  and  molasses,  was  the  favorite  drink  of  the 
boatmen  and  was  sold  at  the  price  of  3  cents  per  glass. 
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It  is  related  that  Daniel  Webster  was  engaged  by  the  directors  to 
plead  one  of  their  land  damage  cases  of  unusual  interest,  and  that  they 
paid  him  $100  as  a  retainer.  As  the  day  of  trial  drew  near  an  effort 
was  made  to  reach  Webster,  but  he  was  always  away,  either  in  New 
York  or  Philadelphia,  and  the  manager  who  told  the  story  plaintively 
added:  "Our  one  htmdred  dollars  has  gone  to  jirotit  and  loss 
account." 

Some  idea  of  the  discomforts  attendant  on  river  and  canal  travel  in 
the  early  days  may  be  formed  from  the  following  extracts  from  con- 
temi^oraneous  sources.  The  first  is  from  an  advertisement,  printed 
in  Cincinnati,  of  the  first  regular  packet  line  between  Pittsburg  and 
Cincinnati,  in  1794: 

"  Two  boats  for  the  present  will  start  from  Cincinnati  to  Pittsburgh 
and  return  to  Cincinnati  in  the  following  manner,  viz. :  First  boat  will 
leave  Cincinnati  this  morning  at  8  o'clock  and  return  to  Cincinnati  so 
as  to  be  ready  to  sail  again  in  four  weeks  from  this  date.  Second  boat 
will  leave  Cincinnati  on  Saturday,  the  30th  instant,  and  return  as 
above  ;  and  so  regularly,  each  boat  performing  the  voyage  to  and 
from  Cincinnati  to  Pittsburg  once  in  every  four  weeks.  The  pro- 
prietor of  these  boats  having  maturely  considered  the  many  inconven- 
iences and  dangers  incident  to  the  common  method  hitherto  adojjted 
of  navigating  the  Ohio,  and  being  influenced  by  a  love  of  ijhilanthropy 
and  a  desire  of  being  serviceable  to  the  public,  has  taken  great  pains 
to  render  the  accommodations  on  board  the  boats  as  agreeable  and 
convenient  as  they  could  possibly  be  made.  No  danger  need  be 
apprehended  from  the  enemy,  as  every  person  on  board  will  be  under 
cover  made  proof  to  rifle  balls,  and  convenient  port-holes  for  firing 
out.  Each  of  the  boats  is  armed  with  six  pieces,  carrying  a  pound 
ball;  also,  a  good  number  of  muskets,  and  amply  supplied  with 
ammunition,  strongly  manned  with  choice  men,  and  the  master  of 
api3roved  knowledge." 

The  second  extract  is  taken  from  a  "  Sketch  of  the  Civil  Engineer- 
ing of  North  America,"  by  David  Stevenson,  1838: 

"The  canal  ti'avelling  in  many  parts  of  America  is  conducted  with 
so  little  regard  to  the  comfort  of  passengers  as  to  render  it  a  very 
objectionable  conveyance.  The  Americans  place  themselves  entirely 
in  the  power  and  at  the  command  of  the  captains  of  the  canal-boats, 
who  often  use  little  discretion  or  civility  in  giving  their  orders,  and 
strangers  who  are  unaccustomed  to  such  usage,  and  would  willingly 
rebel  against  their  tryanny,  are  in  such  cases  compelled  to  be  guided 
by  the  majority  of  voices,  and  quietly  to  submit  to  all  that  takes 
place,  however  disagreeable  it  may   be.     About  eight  o'clock  in  the 
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evening  every  one  is  turned  out  of  the  cabin  by  the  captain  and  his 
crew,  who  are  occupied  for  some  time  after  the  cabin  is  cleared  in 
suspending  two  rows  of  cots  or  hammocks  from  the  ceiling,  arranged 
in  three  tiers  one  above  another.  At  nine  the  whole  company  is 
ordered  below,  when  the  captain  calls  the  names  of  passengers  from 
the  way-bill,  and  at  the  same  time  assigns  to  each  his  bed,  which 
must  immediately  be  taken  possession  of  by  its  rightful  owner  on 
pain  of  his  being  obliged  to  occupy  a  place  on  the  floor,  should  the 
number  of  passengers  exceed  the  number  of  beds,  a  circumstance  of 
very  common  occurrence  in  that  locomotive  land.  I  have  spent 
several  successive  nights  in  this  way,  in  a  cabin  only  40  ft.  long  by 
11  ft.  broad,  with  no  less  than  forty  passengers;  while  the  deafening 
chorus  produced  by  the  croaking  of  the  numberless  bull-frogs  that 
frequent  the  American  swamps  was  so  great  as  to  render  it  often 
difficult  to  make  one's  self  heard  in  conversation,  and,  of  course, 
nearly  impossible  to  sleep.  The  distribution  of  the  beds  appears  to 
be  generally  regulated  by  the  size  of  the  passengers;  those  that  are 
heaviest  being  placed  in  the  berths  next  to  the  floor.  The  object  of 
this  arrangement  is  partly  to  ballast  the  boat  properly,  and  partly,  in 
the  event  of  a  breakdown,  to  render  the  consequence  less  disagreeable 
and  dangerous  to  the  unhappy  beings  in  the  lower  pens.  At  five 
o'clock  m  the  morning,  all  hands  are  turned  out  in  the  same  abrupt 
and  discourteous  style,  and  forced  to  remain  on  deck  in  the  cold 
morning  air  while  the  hammocks  are  removed  and  breakfast  in  prep- 
aration. This  interval  is  occupied  in  the  duties  of  the  toilette,  which 
is  not  the  least  amusing  i:)art  of  the  arrangement.  A  tin  vessel  is 
placed  at  the  stern  of  the  boat,  which  every  one  washes  and  fills  for 
his  own  use  from  the  water  of  the  canal,  with  a  gigantic  spoon  formed 
of  the  same  metal;  a  towel,  a  brush  and  a  comb,  intended  for  the 
general-  service,  hang  at  the  cabin  door,  the  use  of  which,  however, 
is  fortunately  quite  optional.  The  breakfast  is  served  between  six 
and  seven  o'clock,  dinner  at  eleven  and  tea  at  five." 

The  foregoing  descriptions  embrace  the  principal  public  works 
connected  with  the  early  history  of  the  country.  As  a  rule,  they  were 
unsuccessful,  financially.  Under  the  high-sounding  title  of  "Lock 
and  Canal  Navigation,"  they  consisted  generally  of  efforts  to  improve 
the  navigation  of  rivers  by  a  removal  of  boulders,  bars  and  other 
obstacles.  Training  walls  and  chutes  were  also  built  to  concentrate 
the  flow  of  the  water,  and  often  the  first  freshet  removed  all  traces 
of  the  work  which  had  been  j^rosecuted  at  a  considerable  cost  in  time 
and  money. 

The  primitive  idea  was  to  tiirn  the  beds  of  the  streams  into  canals, 
and  to  overcome  the  rajuds  and  falls  by  locks  or  inclined  planes.     The 
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iattei"  certainly  required  the  services  of  the  trained  engineer,  and 
when  the  settlers  could  no  longer  prosecute  the  work  without  such 
service,  recourse  was  had  to  Mr.  Weston,  from  England,  or  to  other 
foreign  engineers.  With  financial  losses,  it  is  natural  that  discourage- 
ment should  follow,  and  that  several  years  should  elapse  before  the 
struggle  was  renewed. 

The  great  revival  of  works  of  internal  improvement  began  in  1810, 
just  before  the  beginning  of  hostilities  between  the  United  States  and 
Great  Britain,  and  this  revival  really  marks  the  birth  of  engineering 
as  a  i^rofession  in  this  country.  Up  to  that  time,  as  we  have  seen, 
public  works  were  undertaken  in  a  spasmodic  manner  and  without 
definite  design.  Ideas  were  abundant,  and  many  of  them  were  won- 
derfully far-reaching,  but  the  means  to  carry  them  into  effect,  and 
the  men  to  clothe  them  with  practical  form  were  both  lacking. 

The  great  work  which  was  to  create  the  new  profession  of  the 
engineer  was  the  Erie  Canal.  In  one  sense  this  is  true,  in  another, 
the  profession  created  the  Erie  Canal,  for  the  spirit  of  the  engineer 
was  in  the  air,  and  would  have  made  itself  manifest  in  some  other 
form.  It  so  happened  that  the  Erie  Canal,  a  magnificent  undertaking 
for  its  day,  had  the  honor  of  being  the  first  great  pioneer  work  of  the 
American  engineer.  We  must,  therefore,  take  a  brief  glance  at  the 
work  itself.  It  will  not  be  possible  to  follow  the  history  of  the  canal, 
or  to  examine  with  any  minuteness  the  many  interesting  events  con- 
nected with  its  execution.  Fortunately,  they  have  been  faithfully  re- 
corded, and  can  be  found  without  difficulty.  W^hether  one  man  or 
another  is  entitled  to  the  glory  of  first  isointing  out  the  possibility  of 
a  connection  between  the  waters  of  the  Great  Lakes  and  those  of  the 
Hudson  does  not  enter  into  this  discussion.  We  are  more  concerned 
in  knowing  how  such  a  great  project,  with  a  multitude  of  details,  all 
requiring  the  skill  of  the  engineer,  could  have  been  carried  to  a  suc- 
cessful termination  in  a  land  where  there  was  apparently  no  engineer 
capable  of  the  task. 

Some  of  the  preliminary  surveys  were  made  as  early  as  1808,  but  it 
was  not  uutilJuly  4th,  1817,  that  the  actual  work  of  construction  was 
begun.  It  was  finished  in  1825  and  opened  with  great  pomp  and 
parade.  The  total  length  from  Albany  to  Buffalo  was  363  miles.  The 
canal  was  40  ft.  wide  at  the  top,  28  ft.  wide  at  the  bottom,  and  was 
4  ft.  deep.     There  were  84  locks  on  the  main  line,  each  15  ft.  by  90  ft. 
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The  total  lockage  was  688  ft.  On  the  canal  were  18  aqueducts, 
some  of  them  fine  stone  structures,  notably  that  over  the  Genesee 
Biver  which  was  804  ft.  long  and  contained  11  arches.  Among  the 
aqiieducts  across  the  Mohawk  there  was  one  with  a  length  of  1  188  ft. 
One  of  the  embankments  was  72  ft.  in  height.  The  cost  was  upward 
of  $10  003  000.  By  the  completion  of  the  Erie  Canal,  the  time  be- 
tween Buffalo  and  Albany  was  reduced  from  twenty  to  ten  days. 

When  the  Board  of  Canal  Commissioners  was  created,  one  of  the 
first  steps  taken  by  it  was  that  of  selecting  a  chief  engineer.  William 
Weston,  the  English  engineer  who  had  been  so  prominent  in  some 
of  the  earlier  enterprises  connected  with  canal  and  lock  naviga- 
tion in  America,  was  urged  to  cross  the  water  again  and  undertake  the 
work,  and  was  ofi'ered  a  salary  of  ^510  000,  but  his  advancing  years  led 
him  to  decline  the  offer. 

With  an  exalted  faith  in  the  ability  of  their  fellow-countrymen,  the 
Commission  then  resolved  to  entrust  the  construction  of  the  canal,  at 
that  time  the  largest  and  most  imj)ortant  work  of  canal  construction 
in  the  world,  to  native  talent.  The  line  was  divided  into  three  di- 
visions, in  charge  of  James  Geddes,  Benjamin  Wright  and  Charles 
Brodhead,  and  these  men,  with  a  few  able  associates,  took  up  the 
burden,  and,  with  faces  turned  toward  the  future,  proceeded  to 
execute  the  work. 

The  question  naturally  arises— how  could  these  men,  without  text 
books  or  traditions  to  guide  them,  succeed  in  carrying  out  so  import- 
ant an  undertaking?  Geddes  was  a  judge  in  the  county  in  which  he 
resided  and  was  54  years  of  age,  Wright  was  also  a  judge  and  had 
passed  his  46th  year.  Bates  and  Roberts,  their  associates,  were  also 
judges.  To  understand  the  situation  correctly  we  must  turn  back- 
ward a  page.  In  almost  every  frontier  settlement  could  be  found  some 
man,  more  gifted  than  his  fellows,  who  laid  out  farms,  settled  petty 
controversies  in  his  county  and  became  a  judge,  thus  imiting  survey- 
ing and  the  execution  of  the  law.  They  were  generally  men  of  courage, 
energy  and  skill,  and  accustomed  to  solving  all  sorts  of  problems. 
They  were  essentially  men  of  action,  and  many  of  them  were  men 
whose  lives  had  been  spent  in  the  hard  school  of  adversity. 

Benjamin  Wright  was  born  in  Connecticut  on  October  10th,  1770. 
At  an  early  age  he  began  the  work  of  surveying  farms  at  Fort  Stanwix, 
on  what  was  then  the  border  of  civilization.     Before  the  year  1800  it  is 
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said  he  had  laid  out  into  farms  more  than  500  000  acres  in  western  New 
York.  His  first  work  with  the  level  was  on  the  old  Western  canals,  of 
which  Mr.  Weston  had  been  the  engineer.  In  1803  the  company  de- 
cided to  have  some  levels  taken.  They  owned  a  leveling  instrument, 
Tout  no  one  could  be  found  who  knew  how  to  use  it.  Judge  Wright 
was  appealed  to,  and  after  a  study  of  the  instrument  and  a  trial,  he 
succeeded  in  accomplishing  the  work,  which  led  to  other  business  for 
the  company.  What  more  natural  than  that  he  should  have  been  em- 
ployed in  some  of  the  preliminary  work  for  the  Erie  Canal  in  1811? 

James  Geddes  was  seven  years  the  senior  of  Benjamin  Wright.  He 
was  born  in  Pennsylvania  on  July  22d,  1763.  When  an  appropriation 
of  f600  was  made  for  some  of  the  preliminary  surveys  of  the  Erie, 
Geddes  was  selected.  He  made  a  survey  from  Oneida  Lake  to  Ontario, 
from  Lewiston  to  Niagara  Falls,  and  from  Buffalo  to  a  connection 
with  the  Seneca  Eiver,  all  for  the  sum  of  .§673,  and  reported  that  a 
canal  from  Lake  Erie  to  the  Hudson  was  feasible. 

Canvass  White,  one  of  the  junior  engineers  employed  upon  the 
canal,  was  born  on  September  8th,  1790,  had  had  a  fair  common  school 
and  academy  education,  and  was  a  man  of  scholarly  instincts.  In 
1817  he  left  the  work  of  construction  and  visited  Europe  for  the  pur- 
pose of  studying  canals  in  the  old  world;  he  traveled  2  000  miles  on 
foot  and  brought  back  to  the  Erie  Canal  plans  and  instruments  which 
Avere  of  incalculable  benefit  to  the  work.  The  striictures  built  on  the 
canal  after  his  return  were  laid  in  cement  made  from  I'ock  which  he 
discovered. 

Is  it  at  all  wonderful  that  men  such  as  these  pushed  the  Erie 
Canal  to  a  successful  completion?  They  felt  their  way  along,  working 
out  each  problem,  as  it  came,  with  energy  and  determination.  What 
they  did  not  understand  they  conquered  by  diligent  study,  unwearied 
zeal  and  sound  common  sense.  By  the  constant  exercise  of  these 
qualities,  they  laid  the  foundations  of  the  profession  of  the  civil  engi- 
neer in  the  United  States. 

The  action  of  New  York  in  regard  to  the  Erie  Canal  was  the  means 
of  kindling  enthusiasm  in  other  states,  and  many  canals  were  started 
all  over  the  country.  A  large  number  of  engineers  found  emiiloyment 
in  carrying  on  the  surveys  for  these  works  and  in  superintending  their 
construction. 

Besides  the  names  already  mentioned,  the  following  engineers  began 
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their  careers  on  canal  construction:  John  B.  Jervis,  Horatio  Allen, 
William  J.  McAlpine,  David  S.  Bates,  Nathan  S.  Boberts,  William  M. 
Roberts,  Jesse  L.  Williams,  Major  David  B.  Douglass,  Jonathan 
Knight,  Sylvester  Welch,  Ashbel  Welch,  Edward  Miller,  Samuel 
Forrer,  James  Worrall,  Samuel  H.  Kneass,  John  Wilson,  W.'  Hazell 
Wilson,  and  the  list  might  well  be  extended  to  include  others.  Some 
of  these  engineers  were  later  prominently  identified  with  railroad 
enterprises,  and  their  careers  more  jaroi^erly  belong  to  that  era. 

Canvass  White,  who  was  one  of  the  most  distinguished  among  the 
early  canal  engineers,  became  Chief  Engineer  of  the  Union  Canal,  and 
Consulting  Engineer  for  the  Schuylkill  Navigation  and  the  Delaware 
and  Chesapeake  Canal.  He  was  Chief  Engineer  of  the  Lehigh  and  of 
the  Delaware  and  Raritan  Canals.  He  died  in  1834  in  his  44th  year. 
With  his  fine  abilities  and  character,  had  he  been  spared  for  a  longer 
life,  he  would  undoubtedly  have  left  behind  a  brilliant  record  in  the 
later  developments  of  the  country. 

David  Stanhope  Bates  was  born  June  10th,  1777.  He  was  well 
educated,  and  was  a  surveyor  and  judge  in  1810.  In  1817  he  began 
his  career  on  the  Erie  Canal,  and  was  a  Division  Engineer  from  1818 
to  1824,  and  the  execution  of  some  of  the  most  important  structiires 
on  that  work  came  under  his  supei-vision.  Between  the  years  1824  and 
1829  he  was  in  Ohio  engaged  in  extensive  works  in  that  state,  and  later 
became  Chief  Engineer  of  the  Chenango  Canal  and  also  of  the  Genesee 
Valley  Canal.  Judge  Bates  afterward  became  interested  in  railroads, 
and  in  1835  retired,  with  impaired  health,  from  the  active  practice  of 
his  profession.     He  died  November  28th,  1839. 

Nathan  S.  Roberts  was  born  July  28th,  1776,  and  entered  the  service 
of  the  Erie  Canal  in  1816.  He  rose  rajiidly  in  his  j^rofession,  and  in 
1828  became  Chief  Engineer  of  the  Pennsylvania  Canal.  From  1835  to 
1841  he  was  associated  with  John  B.  Jervis  and  Holmes  Hutchinson  in 
the  enlargement  of  the  Erie  Canal.     He  died  November  24th,  1852. 

As  a  search  for  the  fathers  of  the  profession  must,  undoubtedly,  be 
made  among  these  early  canal  engineers,  and  it  is  of  interest  to  know 
if  among  them  there  is  one  pre-eminently  entitled  to  be  designated  as 
"  The  Father  of  the  Profession,"  the  careers  of  four  of  the  most  prom- 
inent have  been  selected  for  examination.  They  are  James  Geddes, 
Benjamin  Wright,  Loammi  Baldwin  and  John  B.  Jervis,  and  their 
names  are  mentioned  in  the  order  of  their  birth. 
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In  addition  to  bis  work  on  the  siirveys  of  the  Erie  Canal,  James 
Geddes,  in  1818,  was  appointed  Chief  Engineer  of  the  Champlain 
Canal,  and  remained  in  charge  of  its  construction  until  1822,  when  he 
was  selected  to  make  the  surveys  for  a  canal  from  the  Ohio  River  to 
Lake  Erie,  and  in  1823  was  called  to  Maine  to  locate  a  canal  from 
Sebago  pond  to  tide  water  at  Westbrook.  In  1827  he  entered  the 
service  of  the  General  Government  on  the  location  of  the  Chesapeake 
and  Ohio  Canal,  and  in  1828  was  employed  by  Pennsylvania  on 
canals  in  that  state.  He  died  on  August  19th,  1838,  at  the  age  of 
seventy-five. 

While  Benjamin  Wright  was  engaged  upon  the  building  of  the 
Erie  Canal,  he  was  consulted  on  the  Northampton,  Blackstone, 
Chesa^seake  and  Delaware  Canals  and  by  the  State  of  Virginia  on  a 
proposed  canal  from  Richmond  to  the  Ohio.  In  1824  he  became  Chief 
Engineer  of  the  Chesapeake  and  Delaware  Canal,  and  in  1825  Consult- 
ing Engineer  for  the  Delaware  and  Hudson.  In  1828  he  became  Chief 
Engineer  of  the  Chesapeake  and  Ohio  Canal,  a  position  which  he  re- 
signed in  1831.  In  1832  he  was  appointed  Street  Commissioner  of  the 
City  of  New  York,  and  subsequently  Chief  Engineer  of  the  Hudson 
Railroad,  and  Consulting  Engineer  of  the  St.  Lawrence  Ship  Canal, 
Canada,  and  also  of  the  Welland  Canal.  Later,  he  was  emjiloyed  to 
survey  the  route  for  the  New  York  and  Erie  Railroad,  and  in  1835  he 
was  called  to  Havana  to  advise  on  railroad  projects.  During  the  next 
four  years  he  was  engaged  on  several  canal  and  railroad  plans,  but 
remained  principally  in  Virginia,  to  which  state  he  had  been  invited 
after  the  completion  of  the  Erie  Railroad  survey.  He  died  on  August 
24th,  1842,  being  then  nearly  seventy-two  years  of  age. 

Loammi  Baldwin  was  born  May  16th,  1780.  He  was  the  son  of 
Col.  Loammi  Baldwin,  who  superintended  the  construction  of  the 
Middlesex  Canal.  The  son,  also  a  colonel,  was  graduated  from  Har- 
vard College  with  the  famous  class  of  1800.  In  1807  he  visited  Eng- 
land to  study  engineering.  One  of  his  earliest  works  was  the  con- 
struction of  Fort  Strong  on  Noddle  Island.  Between  the  years  1817 
and  1820  he  was  employed  in  Virginia  on  various  works  of  internal 
improvement.  In  1821  he  was  appointed  Engineer  of  the  Union  Canal 
in  Pennsylvania.  In  1824  he  was  in  Europe,  and  it  was  at  this  time 
that  he  laid  the  foundation  for  his  large  library  of  works  on  engineer- 
ing.    From  1827  to  1834  he  was  employed  in  designing  the  masonry 
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dry-docks  at  Charlestown,  Mass.,  and  at  Norfolk,  Va. ,  for  the  Govern- 
ment, both  of  these  works  being  carried  on  at  the  same  time.  It  was 
in  1834  that  he  made  an  able  and  elaborate  report  on  the  jaroposed 
water  sujiply  of  Boston.  His  death  occurred  June  30th,  1838,  at  the 
age  of  fifty-eight. 

John  B.  Jervis  was  born  December  14th,  1795.  His  education  was 
only  such  as  could  be  picked  up  in  the  common  schools  of  a  new 
country.  In  1817  he  began  his  engineering  career  as  an  axeman  on 
the  Erie  Canal,  but  was  soon  made  Resident  Engineer  and  was  ad- 
vanced to  several  responsible  positions,  remaining  on  the  work  until 
its  completion  in  1825.  The  following  is  a  brief  summary  of  his 
remarkable  career. 

1825-30.   Chief  Engineer  of  the  Delaware  and  Hudson  Canal. 
1830.  Chief  Engineer  of  the  Albany  and  Schenectady  Railroad, 

and  soon  afterward  Chief  Engineer  of  the  Schenectady, 

and  Saratoga  Railroad. 
1833.  Chief  Engineer  of  the  Chenango  Canal. 
1836.  Chief  Engineer  of  the  Croton  Aqueduct. 

1846.  Consulting  Engineer  of  the  Cochituate  Water-Works. 

1847.  Chief  Engineer  of  the  Hudson  River  Railroad. 

In  1850  he  visited  Europe,  and  on  his  return  was  made  Chief 
Engineer  of  the  Michigan  Southern  and  Northern  Indiana 
Railroad. 

1851.  President  of  the  Chicago  and  Rock  Island  Railroad. 

1861.  General  Superintendent  of  the  Pittsburg,  Fort  Wayne  and 
Chicago  Railroad. 

1864.  Chief  Engineer  of  the  Pittsburg,  Fort  Wayne  and  Chicago 
Railroad. 

In  1868  he  was  made  one  of  the  first  trustees  of  the  Rome  Mer- 
chant Iron  Mill  Comj^any. 

For  more  than  seventy  years  Mr.  Jervis  was  an  active  worker  in  his 
j)rofession,  and  at  the  advanced  age  of  eighty-three  he  wrote  a  lectiire 
on  "Industrial  Economy."  In  December,  1881,  he  was  summoned  to 
New  York  by  Isaac  Newton  and  E.  S.  Chesbrough  in  consultation  on 
the  plans  for  the  new  Croton  Aqueduct.  He  was  then  eighty-six  years 
of  age.  Mr.  Jervis  died  January  12th,  1885.  Owing  to  his  wonder- 
fully long  career,  I  am  obliged  to  tresj^ass  uijon  the  fourth  j)eriod  of 
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American  engineering,  beginning  with  the  formation  of  the  engineer- 
ing societies,  as  Mr.  Jervis  became  a  Member  of  this  Society  in  1867 
and  an  Honorary  Member  in  1868. 

I  leave  to  the  wisdom  of  the  Society  the  selection  from  these  four 
names  of  the  one  most  richly  deserving  the  title  of  "  The  Father  of  his 
Profession  in  the  United  States." 

The  third  period  of  American  engineering  was  that  beginning  with 
the  introduction  of  railroads  in  1827.  As  this  period  has  been  already 
fully  described  by  others,  it  will  be  but  briefly  alluded  to,  and  only 
for  the  i)urpose  of  completing  the  connection  to  the  founding  of  the 
engineering  societies. 

We  have  seen  that  the  judges  were  engineers  of  the  early  canals,  and 
it  is  also  triie  that  the  majors  and  colonels  were  engineers  of  many  of 
the  early  railroads.  As  there  w  as  a  large  demand  for  men  of  technical 
training,  the  Government  allowed  the  graduates  of  West  Point  to  enter 
the  service  of  the  railroads,  and  thus  it  happened  that  engineers  with 
military  titles,  and  sometimes  with  the  organization  of  the  brigade, 
could  be  found  laying  out  the  locations  and  superintending  the  con- 
struction of  the  early  lines.  William  Gibbs  McNeill,  George  W. 
Whistler  and  John  Childe  were  officers  in  the  army.  On  the  other 
hand,  Horatio  Allen,  Jonathan  Knight,  Benjamin  H.  Latrobe,  Moncure 
Robinson  and  William  Milnor  Roberts  were  from  civil  life. 

The  early  conceptions  of  Oliver  Evans,  John  Stevens  and  Robert 
Fulton,  and  also  the  old  colliery  and  quarry  tramways  were  preliminary 
steps  to  the  advent  of  the  railroad.  In  1825  William  Strickland  was 
sent  to  England  by  a  number  of  public-spirited  citizens  of  Philadel- 
phia, and  he  made  some  interesting  reports.  The  famous  Quincy 
Railroad  was  built  by  Gridley  Bryant  in  1826,  but  it  was  only  3  miles 
long,  and,  like  all  the  first  railroads,  was  built  as  a  horse  railroad.  It 
was  followed  in  1827  by  the  Mauch  Chunk  road,  9  miles  long,  connect- 
ing the  mines  with  the  Lehigh  River,  which,  like  several  other  tram- 
ways, was  simply  an  adjunct  to  a  canal.  It  is  worthy  of  note  that 
within  ten  years  from  this  time  there  were  no  less  than  56  railroads  in 
active  operation  in  the  United  States. 

The  first  railroad  of  importance  was  the  Baltimore  and  Ohio.  It 
occupies  the  same  position  among  the  railroads  that  the  Erie  Canal 
occupies  among  the  pioneer  canals.  It  was  incorporated  in  1827,  a 
corner  stone  was  laid  on  July  Ith,  1828,  and  the  railroad  was  praeti- 
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cally  opened  in  1830.  It  was  completed  to  Harper's  Ferry,  82  miles 
from  Baltimore,  in  1834,  at  a  cost  of  ^4  000  000.  It  was  constructed 
for  the  use  of  horses  as  a  motive  jjower,  and  it  was  only  after  much 
experimenting  that  locomotives  were  introduced.  The  roadbed  was 
formed  with  granite  sills  i^lated  with  flat  iron  bars,  which  had  an  un- 
comfortable way  of  curling  up  under  the  traffic,  and  were  called 
' '  snake  heads ' ' ;  occasionally  they  would  break  ofi'  and  come  up  through 
the  floors  of  the  cars.  Although  every  roadbed  from  that  time  to  the 
present  has  been  a  source  of  trouble  and  expense  for  maintenance, 
the  term  "permanent  way"  was  used  at  an  early  date,  and  is  still 
used  to  describe  what  is  actually  far  from  j^ermanent  in  construction. 

Jonathan  Knight  and  Colonel  Stephen  H.  Long  made  the  first  sur- 
vey for  the  Baltimore  and  Ohio  Railroad,  and  Jonathan  Knight  was 
the  first  Chief  Engineer.  He  was  without  s^jecial  education,  but  was  a 
man  of  remarkable  mental  cajjacity.  He  was  one  of  the  old  farmers 
and  surveyors  who  worked  his  way  to  the  highest  station  by  unremit- 
ting toil  and  the  exercise  of  sturdy  and  manly  qualities.  In  1842 
Knight  resigned  his  i^osition  and  retired  to  his  farm,  but  was  afterward 
employed  as  a  consulting  engineer.  Benjamin  H.  Latrobe  succeeded 
Mr.  Knight  as  Chief  Engineer  of  the  Baltimore  and  Ohio,  and  was  among 
the  most  distinguished  of  the  railroad  engineers. 

Captain  John  Childe,  born  1802,  died  1858,  was  a  consulting  engi- 
neer on  the  Baltimore  and  Ohio  Kailroad  with  Knight  and  Latrobe, 
and,  like  his  associates,  left  a  long  record  of  works  accomplished 
in  various  directions.  His  own  words  were,  "This  is  a  glorious  world 
and  there  is  much  to  do  in  it." 

Horatio  Allen,  born  1802,  died  1889,  was  one  of  the  Nestors  of  rail- 
road construction  in  this  country.  He  was  first  associated  with  Ben- 
jamin Wright  on  the  Chesapeake  and  Delaware  Canal  in  1824,  and 
afterward  became  an  assistant  to  John  B.  Jervis  on  the  Delaware  and 
Hudson  Canal.  In  1827  Mr.  Jervis  gave  his  assistant  leave  of  absence 
to  visit  Europe,  and  in  England  Mr.  Allen  made  the  acquaintance  of 
George  Stephenson,  and  finally  j)urchased  three  locomotives  which 
he  brought  back  with  him.  One  of  these,  the  Stourbridge  Lion,  he 
put  together  and  ran  on  the  Delaware  and  Hudson  Railroad  in  1829. 
This  was  the  first  locomotive  ever  tested  on  an  American  railroad. 

In  1829  Mr.  Allen  was  made  Chief  Engineer  of  the  South  Carolina 
Railroad,   which   he   designed   for  a  steam   railroad,  the    first   in  the 
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world  intended  for  locomotives,  and  the  first  long  railroad  built  in  the 
United  States.  It  extended  from  Charleston  to  Augusta,  Ga.,  136 
miles.  The  first  hundred  miles  of  railroad  iron  ever  laid  in  one  con- 
tinous  line  was  laid  on  this  railroad. 

From  1834  to  1837  Mr.  Allen  was  abroad,  and  on  his  return  was 
engaged  as  Principal  Assistant  Engineer  on  the  Croton  Aqueduct, 
and  afterward  became  one  of  the  Croton  Commissioners.  In  1842 
he  became  one  of  the  proprietors  of  the  Novelty  Iron  Works,  and 
was  President  until  1870.  He  was  President  of  the  New  York  and 
Erie  Railroad  and  its  Consulting  Engineer.  Mr.  Allen  was  also 
Consulting  Engineer  of  the  Panama  Railroad,  and  his  last  official 
position  was  that  of  Consulting  Engineer  of  the  East  Riv^r  Bridge. 
Mr.  Allen  became  a  Member  of  this  Society  in  1867,  was  President 
from  1871  to  1873,  and  became  an  Honorary  Member  in  1874. 

One  of  the  most  distinguished  of  the  early  railroad  engineers  was 
William  Gibbs  McNeill,  of  North  Carolina.  He  was  graduated  from 
the  Military  Academy  in  1817.  He  was  employed  upon  the  Chesa- 
peake and  Ohio  Canal,  1824,  the  Baltimore  and  Ohio  Railroad,  1827, 
and  the  Baltimore  and  Susquehanna,  1830.  He  resigned  from  the 
army  in  1837,  with  the  rank  of  major  by  brevet.  He  was  either 
Chief  Engineer  or  Assistant  Engineer  of  the  following  railroads: 
Paterson  and  Hudson,  Boston  and  Providence,  Providence  and  Ston- 
ington,  Tavinton  and  New  Bedford,  Long  Island,  Western  of  Massa- 
chusetts (now  the  Boston  and  Albany),  and  others.  In  1842  he  put 
down  the  Dorr  Rebellion  in  Rhode  Island  and  was  made  a  Major- 
General  of  the  militia.     He  died  February  16th,  1853. 

George  W.  Whistler,  born  May  19th,  1800,  was  graduated  from  West 
Point,  and  in  1828  was  sent  to  England  with  McNeill  and  Knight  in 
behalf  of  the  Baltimore  and  Ohio  Railroad.  He  was  employed  on 
several  other  roads,  and  in  1833  resigned  from  the  army.  In  1834 
he  became  Engineer  for  the  Proprietors  of  Locks  and  Canals,  Lowell, 
Mass.,  and  later  aided  McNeill  in  constructing  the  Western  Railroad 
of  Massachusetts.  In  1842  Whistler  went  to  Russia  to  build  the  road 
from  St.  Petersburg  to  Moscow,  and  died  in  that  service  April  7th, 
1849.  Whistler's  fame  added  fresh  laurels  to  the  profession  of  engi- 
neering. One  of  his  sons  is  the  distinguished  artist,  James  A. 
McNeill  Whistler,  of  London. 

Among  other  engineers  who  attained  celebrity  in  this  branch  of  the 
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profession  were  James  E.  Williams,  William  Milnor  Roberts  (a  state- 
ment of  whose  remarkable  career  may  be  found  in  the  records  of  this 
Society),  James  Laurie,  Moncure  Robinson,  J.  Edgar  Thomson,  James 
P.  Kirkwood,  William  J.  McAlpine,  Ellis  S.  Chesbrough,  and  others 
■whose  names  deserve  mention,  but  their  lives  and  works,  as  a  riile, 
have  been  either  recorded  in  the  biograj^hies  of  the  Society  or  they 
encroach  upon  a  later  period  of  engineering. 

The  venerable  W.  Hazell  Wilson,  now  living,  was  among  the  early 
engineers  employed  upon  the  Baltimore  and  Ohio  Railroad,  and  he  has 
written  some  of  the  most  interesting  accounts  of  the  pioneer  railroads. 
Mr.  Wilson's  father  was  an  old  canal  engineer,  and  his  grandfather  and 
great  grandfather  were  employed  in  engineering  pursuits.  Mr.  Wil- 
son's sons,  the  Wilson  brothers  of  Philadelphia,  are  prominent  in  the 
profession,  and  their  sons  are  now  entering  the  field,  so  that  we  have 
in  connection  with  this  family  of  engineers,  the  noteworthy  spectacle 
of  six  generations,  in  direct  descent,  engaged  in  the  same  profession, 
and  five  generations,  in  this  country. 

No  notice  has  been  taken  of  the  work  of  the  bridge  builders,  but 
they  should  not  be  forgotten.  As  early  as  1792  Timothy  Palmer 
began  to  build  bridges  over  some  of  the  largest  rivers.  In  1806  he 
completed  the  Philadelphia  Bridge  over  the  Schuylkill.  Mr.  Weston 
designed  the  coffer-dams  for  the  piers,  which  were  in  deej?  water.  At 
about  this  time  Theodore  Burr  and  Louis  Wernwag  began  to  build  long- 
span  wooden  bridgas,  in  which  they  accomi^lished  some  remarkable 
work.  They  were  followed  by  Squire  Whipple  and  that  meteoric  genius, 
Charles  Ellet,  Jr.,  whose  assistant,  John  A.  Roebling,  designed  the 
grand  suspension  bridges  so  well  known  to  the  profession.  An  inter- 
esting historical  resume  of  the  early  bridges  will  be  found  in  Mr.  Theo- 
dore Cooper's  able  paper  on  "American  Railroad  Bridges,"  published 
in  the  Transactions  of  this  Society  in  July,  1889. 

The  foregoing  review  has  been  i:)repared  for  the  purpose  of  giving 
in  connected  form  an  idea  of  some  of  the  most  noteworthy  among  the 
earliest  public  works  of  the  civil  engineer,  with  brief  outlines  of  the 
lives  of  the  fathers  of  the  profession  in  the  United  States. 

There  is  much  to  be  gained  from  a  careful  consideration  of  the 
important  work  accomplished  by  these  noble  and  self-sacrificing 
men,  who,  in  the  face  of  almost  insurmountable  difficulties,  suc- 
cessfully  laid  the  foundations  for  the    commanding  position   which 
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the  iJrofession  now  enjoys.  Some  of  the  works  which  they  created 
have  long  since  been  swept  away  in  the  advance  of  pojinlation,  others 
have  been  absorbed  in  the  larger  developments  of  succeeding  gen^ 
erations,  but  many  still  survive  as  living  moniiments  to  their  constrnc- 
tive  skill.  In  any  event,  the  heroic  struggles  and  the  masterly  achieve- 
ments of  the  early  engineers  are  deeply  engraved  in  the  history  of 
every  undertaking  which  their  busy  brains  designed  or  their  willing 
hands  executed.  This  is  due  largely  to  the  disinterested  nature  of 
their  services,  which  were  directed  to  the  welfare  of  the  public  rather 
than  to  the  advancement  of  their  own  glory.  Even  their  lives  were 
sometimes  sacrificed  to  the  sense  of  duty.  They  sowed  and  others 
have  reaped  the  harvest  from  their  honest  and  faithful  toil.  No  eulogy 
Ave  can  ijronounce  ui^on  their  lives  will  add  to  the  luster  of  their  fame, 
but  it  will  aid  us  to  recall  the  debt  of  gratitude  we  owe  to  our  prede- 
cessors. However  25ermanent,  however  useful,  however  grand  the 
engineering  works  of  the  present  day  may  be,  their  success  is  due 
to  the  failures  and  successes  of  the  works  that  have  preceded  them. 
In  these  closing  hours  of  the  nineteenth  century,  which  has  wit- 
nessed the  rise  and  progress  of  the  civil  engineer  in  America,  we 
may  well  glance  backward  to  gain  fresh  inspiration  from  the  courage, 
devotion  and  achievements  of  the  early  founders  of  the  profession. 
A  just  pride  in  their  work  will  lead  us  to  emulate  their  example  and 
to  be  faithful  in  our  day  and  generation  to  the  inheritance  derived 
from  their  talents  and  industry. 
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DAVID  LEONARD  BARNES,  M.  Am.  Soc.  C.  E. 


Died  Decembek  15th,  1896. 


David  Leonard  Barnes  was  born  in  Smitbfield,  R.  I.,  August  23d, 
1858.  When  he  was  but  eleven  years  old  his  father  died,  and  the 
young  man  was  led  thus  early  in  life,  to  the  exercise,  in  a  serious  way, 
of  self-reliance  and  responsible  judgment.  At  the  age  of  fifteen  he 
entered  a  civil  engineer's  office  in  Providence,  where  his  work  included 
town  surveys  and  the  laying  out  of  streets.  His  mind,  however,  was 
set  upon  obtaining  an  education  better  than  that  afforded  by  the 
routine  of  a  surveyor's  office,  and  he  sj^ent  the  three  years  following 
1876  in  Brown  University  and  the  Massachusetts  Institute  of  Tech- 
nology as  a  special  student,  while  the  vacations  were  occupied  in 
engineering  work.  He  received  the  degree  of  Master  of  Arts  from 
Brown  University,  but  took  no  degree  from  the  Institute  of  Tech- 
nology. Although  surveying  and  municipal  work  were  his  earliest 
engineering  employments,  both  the  bent  of  his  mind  and  his  special 
studies  inclined  to  the  mechanical  side  of  civil  engineering,  and  it  was 
in  this  that  his  reputation  was  won.  He  served  three  years  following 
1879  in  the  machine  shops  and  drafting  rooms  of  the  Rhode  Island 
Locomotive  Works,  at  Providence,  R.  I.,  and  the  Hinckley  Locomo- 
tive Works,  Boston,  Mass.  He  was  Chief  Draftsman  at  the  Rhode 
Island  Works  when,  in  1884,  he  left  to  become  the  Mechanical  En- 
gineer and  Chief  Draftsman  of  the  New  York  Locomotive  Works  at 
Rome,  N.  Y. ,  which  were  built  in  that  year.  Returning  to  Providence 
he  passed  three  more  years  as  Chief  Draftsman  and  Mechanical  En- 
gineer of  the  locomotive  works  with  which  he  had  begun  his  mechan- 
ical practice. 

Mr.  Barnes  had  now  become  well  known  as  a  designer  of  railway 
rolling-stock  and  an  authority  on  many  other  matters  connected  with 
railway  operation,  and  in  1888  he  entered  upon  consulting  i^ractice, 
with  offices  in  Chicago,  111. ,  and  New  York  City.  During  his  service 
in  the  locomotive  shops  he  had  designed  and  superintended  the  con- 
struction of  about  800  locomotives,  and  also  a  large  number  of  station- 
ary and  steamboat  boilers  and  si^ecial  tools.  At  the  Rhode  Island 
works  he  had  i^lanned  and  supervised  the  construction  of  dynamos 
and  electric  motors  for  street  railway  equipment,  and  designed  the 
shops  of  the  Boston  and  Maine  Railroad.  The  shops  of  the  Bentley- 
Knight  Electric  Railroad  Company  were  completed,  fitted  up,  equipped 
*  Memoir  prepared  by  the  Secretary  from  papers  on  file  and  from  various  sources. 
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and  jjut  in  operation  under  his  direction.  Tlie  equipment  of  tlie 
Allegheny,  Pa.,  Electric  Street  Railway  was  also  designed  under  his 
supervision.  At  the  Rome  works,  Mr.  Barnes  designed,  purchased  and 
superintended  the  construction  of  a  large  part  of  the  machinery 
installed,  as  well  as  of  the  first  locomotives  biiilt  at  the  works.  Other 
work  of  a  general  character  included  the  design,  for  the  Providence 
Ship  Windlass  Company,  of  steam  windlass  and  hoisting  gear  for  the 
United  States  Government.  In  1888  he  became  consulting  engineer 
to  the  Railroad  Gazette,  New  York  City,  a  relation  which  was  later 
broadened  to  engagement  as  mechanical  editor,  which  connection  was 
maintained  until  his  death. 

Mr.  Barnes'  work  as  a  consulting  engineer  included  designs,  tests, 
insjjection  and  reports  covering  the  whole  range  of  railway  rolling- 
stock  and  operating  devices,  manufactiiring  plants,  iron-work  for 
buildings  and  steam-engine  construction.  He  was  engaged  as  consult- 
ing engineer  by  the  London  Central  Subway  Railway  and  by  the  New 
York  Underground  Railroad.  The  Chicago  and  South  Side  Rapid 
Transit  Railroad,  known  as  the  Alley  Elevated,  retained  him  to  have 
general  supervision  of  the  design  and  construction  of  its  rolling  equijj- 
ment,  signaling,  lighting  and  shop  plant.  He  made  a  radical  departure 
from  the  current  practice  on  elevated  railways,  by  introducing,  in  1893, 
compound  locomotives  on  the  Chicago  line.  When  the  Baldwin  Loco- 
motive Works  and  the  Westinghouse  Electric  and  Manufacturing  Com- 
pany decided  to  join  forces  in  an  endeavor  to  realize  the  union  of 
the  essential  features  of  the  standard  steam  locomotive  and  the 
accej)ted  practice  in  the  arrangement  of  mechanism  for  electric  trac- 
tion, Mr.  Barnes  was  engaged  to  take  charge  of  the  work.  He  entered 
upon  this  labor  with  enthusiasm,  and  the  designs  produced  have  been 
commended  for  their  robust  simplicity  and  adaj)tability  to  the  work 
required. 

Mr.  Barnes  was  endowed  with  unusual  strength  and  energy,  both 
physical  and  mental.  He  was,  by  nature,  a  mathematician,  and  had 
strong  powers  of  analysis  and  reasoning.  He  found  pleasure  in  the 
discussion  of  technical  questions,  and  his  arguments  were  marked  by 
a  directness  of  address  to  the  main  issues,  which  irrelevant  details  were 
never  allowed  to  obscure.  He  had  the  scientific  love  of  truth,  and  his 
published  work  was  of  a  nature  to  stimulate  his  fellow  engineers  to 
thought  and  effort.  A  rapid  and  systematic  worker,  in  addition  to  his 
editorial  labors  for  the  technical  press,  he  made  many  contributions  to 
the  publications  of  the  Master  Car  Builders'  Association,  the  Master 
Mechanics'  Association  and  the  Western  Railway  Club,  and  his  work 
included  numerous  reports  on  locomotive  and  car  construction,  and 
on  electricity  as  a  motive  power  for  railroads.  He  carried  to  com- 
pletion a  revised  edition  of  "  Comj^ound  Locomotives,"  taking  up 
the  work  after  the  death  of  Arthiir  Tannatt  Woods,  the  author,  and 
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about  a  year  before  liis  death  he  -y^Tote  a  book  on  "  Electric  Locomo- 
tives." 

Mr.  Barnes  became  a  Member  of  the  American  Society  of  Civil 
Engineers,  July  2d,  1890.  He  was  also  a  Member  of  the  American 
Society  of  Mechanical  Engineers,  an  Associate  Member  of  the  Institu- 
tion of  Civil  Engineers,  a  Member  of  the  Engineers'  Club  of  New  York 
and  of  various  societies  of  railroad  operating  officers.  He  was  married 
April  7th,  1896,  to  Ida,  daughter  of  Colonel  B.  J.  D.  Irwin,  U.  S.  A. 
(Ketired),  formerly  Assistant  Surgeon-General.  In  the  summer  of  1896 
Mr.  Barnes  relaxed  business  engagements  for  a  trip  to  Europe  in  hope 
of  improved  health,  but  was  soon  obliged  to  return  for  medical  treat- 
ment. During  the  summer  his  strength  steadily  declined,  but  he  did 
not  cease  work  until  two  weeks  before  his  death. 
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THOMAS  SPARKS  BISHOP,  M.  Am.  Soc.  C.  E* 


Died  Novembeb  13th,  1898. 


Thomas  Sparks  Bishop  was  born  March  12th,  1846,  near  Colunibi;s, 
Burlington  County,  N.  J.  His  father  was  a  farmer,  and  his  early  educa- 
tional facilities  were  such  as  were  usually  afforded  by  the  ordinary 
country  public  and  private  schools.  Before  entering  college  he  was  a 
pupil  at  Westtown  Boarding  School  near  Westchester,  Pa. 

He  entered  the  Philadelphia  Poly  technical  College  September,  1864, 
and  was  graduated  as  Civil  Engineer  in  June,  1866.  The  Master's 
degree  was  conferred  upon  him  in  1869.  Early  in  the  succeeding  Au- 
gust he  was  appointed  Rodman  on  the  engineer  corps  of  the  Camden 
and  Amboy  Railroad,  and  was  engaged  in  the  location  and  constrtiction 
of  the  Pemberton  and  Hightstown,  and  Camden  and  Burlington  County 
railroads  until  their  comj^letion,  aboiit  a  year  and  a  half  later. 

In  March,  1868,  he  was  appointed  Assistant  Engineer  of  the  Free- 
hold and  Squankum  Marl  Company's  Railroad,  after  the  location  of 
which,  in  June  of  that  year,  he  was  recalled  to  the  main  line  of  the 
Camden  and  Amboy  Railroad  in  the  capacity  of  Assistant  Engineer. 
In  addition  to  his  other  duties  there,  he  had  charge,  until  January,  1872, 
of  the  location  and  construction  of  various  branch  railroads.  During 
this  time,  however,  he  was  detailed  as  Resident  Engineer  to  take  charge 
of  the  construction  of  the  inclined  plane  machinery,  etc.,  of  the  Bing- 
ham Mining  and  Lumber  Comi^any  at  Renovo,  on  the  Philadelphia  and 
Erie  Railroad,  where  he  was  engaged  from  September  to  December,  1868. 

In  January,  1872,  after  the  lease  of  the  works  of  the  United  Com- 
panies by  the  Pennsylvania  Railroad  Company,  he  was  appointed 
Assistant  Engineer  of  Construction  on  the  United  Railroads  of  New 
Jersey  Division,  and  in  December  of  that  year  was  assigned  as  engi- 
neer in  charge  of  the  imi^rovements  at  Harsimus  Cove  and  Bergen 
Hill,  at  Jersey  City.  Upon  their  completion  in  January,  1875,  he  was 
transferred  to  Trenton,  N.  J. ,  where  he  made  re-surveys  of  the  various 
railroads  of  the  United  Railroads  of  New  Jersey  Division  for  the  real 
estate  and  maintenance  of  way  depai-tments,  until  May,  1880,  when  he 
resigned  to  accept  an  appointment  as  engineer  with  the  Russell  & 
Erwin  Manufacturing  Company  at  New  Britain,  Conn.  He  served  in 
that  capacity  for  eighteen  years,  resigning  his  position  June  1st,  1898, 
to  devote  his  attention  to  private  practice  as  a  civil  engineer  and  sur- 
veyor, with  headquarters  at  New  Britain,  Conn. 

Mr.  Bishop  was  married  in  November,  1873,  and  was  elected  a 
Member  of  this  Society  September  2d,  1885. 

*  Memoir  prepared  by  T.  Sparks  Bishop,  Esq.,  from  autobiographical  data  left  by 
his  father. 
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FRANCISCO  JAVIER  CISNEROS,  M.  Am.  Soc.  C.  E.* 


Died  July  7th,  1898. 


The  name  of  Cisneros  is  an  old  and  honored  one  in  Spain  and  Cuba, 
each  generation  adding  to  its  luster,  through  various  channels,  litera- 
ture, science,  or  patriotism.  The  founder  of  the  Cuban  branch  of  this 
family  was  Pascual  Jimenez  de  Cisneros,  a  distinguished  Spanish  mili- 
tary officer,  who  emigrated  to  Cuba  in  1763,  marrying  there  about  six 
years  later.  Hilario  Cisneros  y  Saco,  the  father  of  Francisco  Javier, 
was  a  jurist  whose  fame  for  sterling  integrity  of  character  and  for 
patriotism  still  endures  in  the  memory  of  the  Cubans. 

Francisco  Javier  Cisneros  was  born  at  Santiago  de  Cuba  in  Decem- 
ber, 1836,  receiving  his  earlier  education  in  that  city.  From  there  he 
went  to  Havana,  pursuing  his  studies  at  the  more  advanced  school  of 
Jose  de  la  Luz  y  Caballero,  and  later  at  the  University  of  Havana, 
where  he  was  graduated  with  high  honors  in  April,  1857,  receiving  the 
degree  of  C.  E. 

His  first  experience  was  obtained  as  Assistant  Engineer  on  the  sur- 
veys of  the  railroad  from  La  Mulata  to  Pinar  del  Rio,  near  the  northerly 
coast  of  Cuba.  In  the  following  year,  1858,  he  was  employed  as 
assistant  on  the  construction  of  the  Sagua-la-Grande  Kailroad.  Sub- 
sequently he  was  engaged  on  the  construction  of  a  branch  of  the  Sava- 
nilla  Railway,  and  on  the  completion  of  the  latter  he  assumed  charge 
of  the  construction  of  a  portion  of  the  Cardenas  Railway.  Immedi- 
ately after  the  termination  of  this  work,  he  was  appointed  to  the 
position  of  Engineer  in  Charge  of  the  Ferro-carril  del  Oeste,  running 
from  Havana  to  Pinar  del  Rio.  He  finally  became  General  Manager  of 
this  road,  which  position  he  retained  until  1867. 

Always  mindful  of  his  country's  welfare,  and  viewing  the  tyranni- 
cal rule  of  Spain  with  the  natural  repugnance  of  a  sjiirit  embued  with 
the  love  of  liberty  and  independence,  Mr.  Cisneros  commenced  early 
to  use  his  endeavors  toward  the  amelioration  of  the  political  evils.  A 
party  having  been  formed  among  patriotic  Cubans  to  further  liberal 
reforms  in  the  government  of  Cuba — reforms  which  the  more  cultured 
class  were  persistently  demanding,  Mr.  Cisneros  became  an  active 
sjiirit  therein,  and  in  1867  assumed  the  management  of  the  periodical 
El  Pais,  devoting  all  the  efforts  of  his  caustic  pen  to  the  denunciation 
of  Spanish  misrule,  and  the  espousal  of  liberty.  Under  the  pretext 
of  establishing  agencies  for  the  paper,  he  visited  all  parts  of  the  island, 
thus  directly  coming  in  contact  with  the  advocates  of  home  rule  and 
independence,  and  thereby  laying  the  foundation  for  the  Revolution 
of  Yara,  which  broke    out  in  October,  1868.     From    that  date  until 

*  Memoir  prepai-ed  by  Theodore  A.  Leisen,  M.  Am.  Soc.  C.  E. 
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1871  all  his  energies  and  resources  were  dedicated  to  his  country's 
cause.  He  personally  arranged  and  conducted  seven  successful  fili- 
bustering expeditions  from  the  United  States  to  Cuba,  and  also  in  the 
field  lent  his  services  to  the  struggle  against  Spanish  rule.  During 
this  period  he  found  opportunity  to  contribute  many  inspiriting  arti- 
cles to  the  Cuban  revolutionary  periodicals,  and  he  also  wrote  several 
professional  papers. 

In  1871,  forced  through  lack  of  consistent  co-operation  to  desist 
from  farther  active  work  in  behalf  of  Cuban  independence,  Mr.  Cisneros 
decided  to  take  up  his  residence  in  New  Yoi'k,  and  pursue  his  profes- 
sion, at  the  same  time  declaring  his  intention  of  becoming  an  American 
citizen — a  citizenship  of  which  he  was  always  proud.  Coincident  with 
his  return  to  New  York  he,  in  partnership  with  Mr.  A.  G.  Menocal, 
opened  an  office  at  115  Broadway,  and  carried  on  a  general  engineering 
practice  until  his  departure  for  South  America. 

About  this  time,  when  the  controversy  between  the  advocates  of 
broad  and  narrow-gauge  railroads  was  at  its  height,  Mr.  Cisneros  pre- 
pared and  read  a  paper  before  the  New  York  Society  of  Practical  En- 
gineers, of  which  he  was  a  member,  strongly  supporting  the  claim  for 
narrow-gauge  roads  for  new  and  undeveloj)ed  countries,  such  as  the 
South  American  Republics.  This  article,  with  some  additions,  was 
published  later  in  both  English  and  Sj^anish,  and  attracted  consider- 
able attention,  particularly  in  South  America. 

During  1871-72,  Mr.  Cisneros  was  commissioned  by  the  Govern- 
ment of  Peru  to  make  a  detailed  inspection  of  the  proposed  Ferro- 
carril  del  Cerro  de  Pasco,  and  report  thereon,  and  this  work  was  per- 
formed to  the  entire  satisfaction  of  that  Government. 

Toward  the  latter  part  of  1873,  the  Government  of  the  State  of 
Antioquia,  United  States  of  Colombia,  requested  Mr.  Cisneros  to  assume 
charge  of,  and  construct,  the  proposed  railroad  from  Puerto  Berrio,  on 
the  banks  of  the  Magdalena  River,  to  Medellin,  since  known  as  the 
Ferro-carril  de  Antioquia.  Previous  to  this  time  narrow  trails  or  mule 
roads  were  the  sole  avenues  for  transportation,  and  the  railroad  was 
designed  to  open  up  and  develop  the  rich  mining  fields  of  Antioquia. 
Mr.  Cisneros  ixndertook  the  task  assigned  to  him,  entered  into  a  contract 
with  the  Government  of  Antioquia,  made  the  necessary  reconnoissance 
and  preliminary  surveys,  and  commenced  the  construction  of  the  road. 
In  this  work  seemingly  insurmountable  difficulties  were  encountered 
and  overcome,  and  in  view  of  the  existing  conditions  it  was  an  accomp- 
lishment under  which  a  man  of  less  indomitable  energy  woixld  have 
succumbed.  Just  as  the  first  section  of  the  road  from  Puerto  Berrio 
to  Pavas  was  completed  and  opened  to  traffic,  the  country  was  thrown 
into  a  state  of  revolution,  and  during  the  attendant  turmoil  the  terms 
of  the  contract  with  Mr.  Cisneros  were  ignored,  and  the  road  was  seized 
for    military  purposes.     Mr.   Cisneros  therefore  refused   to   proceed 
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witli  the  work,  the  contract  was  rescinded,  and  the  road  was  turned 
over  to  the  Government. 

In  1877,  at  the  request  of  General  Julian  Trujillo,  President  of 
Colombia,  Mr.  Cisneros  agreed  to  assume  charge  of  the  construction  of 
the  Cauca  Railway,  projected  from  Buenaventura,  on  the  Pacific  Coast, 
to  Cali,  and  in  January,  1878,  commenced  the  j^reliminary  surveys. 
The  actual  work  of  construction  was  started  later  during  the  same 
year.  Mr.  Cisneros  had  in  view,  as  an  ultimate  object,  the  joining  of 
this  with  the  Antioquia  Railway,  but  this  project  never  reached  far- 
ther than  the  preliminary  surveys.  The  work  on  the  Cauca  Railway 
was  interrupted  after  about  30  miles  had  been  built,  by  the  same 
revolutionary  movement  which  stopped  the  work  in  Antioquia,  and, 
the  same  conditions  prevailing,  this  contract  was  likewise  rescinded. 

In  1881,  Mr.  Cisneros  entered  into  a  contract  with  the  Government 
of  Colombia  to  carry  on  the  construction  of  a  section  of  the  Ferro- 
carril  de  Girardot,  which  had  been  projected  from  the  head  of  naviga- 
tion on  the  Uj^per  Magdalena  River,  to  Bogota.  During  the  same 
year,  under  a  special  arrangement  with  the  Government,  and  by  direct 
order  of  the  National  Congress,  he  assumed  charge  of  the  construction 
of  the  Feri'o-carril  de  La  Dorado,  connecting  the  navigable  waters  of 
the  Lower  and  Upper  Magdalena  Rivers.  This  road  was  completed 
from  Las  Yeguas  to  a  point  a  few  miles  above  Honda,  after  which  Mr. 
Cisneros  disj^osed  of  his  interests  therein. 

In  188-4,  Mr.  Cisneros,  by  purchase,  secured  control  of  the  Ferro- 
carril  de  Bolivar,  running  from  Barranquilla  to  Salgar,  and  shortly 
afterward  commenced  the  extension  thereof  to  its  present  terminus  at 
Puerto  Colombia.  A  syndicate,  known  as  the  Barranquilla  Railway  and 
Pier  Company,  Limited,  was  formed  in  London  to  control  and  operate 
this  road,  Mr.  Cisneros  remaining  in  charge  as  Managing  Director  ui?  to 
the  time  of  his  death.  Under  his  management  both  road  and  traffic 
were  steadily  built  up  and  improved.  In  1892  he  constructed  a  steel 
pier  4  000  ft.  long  at  Puerto  Colombia,  the  ocean  terminus  of  the  road, 
extending  out  into  the  harbor  to  about  5  fathoms  of  water,  thus  en- 
abling all  ocean  steamers,  Avhich  formerly  were  comj^elled  to  lighter 
their  cargoes  ashore,  to  discharge  directly  into  cars. 

Mr.  Cisneros  was  also  engaged  in  many  other  important  enterprises 
in  the  Republic  of  Colombia.  He  expended  considerable  labor  in 
canalizing  the  Upper  Magdalena  River,  deeijening  and  clearing  the 
channel  at  all  the  dangerous  points,  opening  this  jjortion  of  the  river 
to  steam  navigation  where  formerly  only  canoes  and  barges  were  used, 
and  doing  much  besides  to  improve  navigation  on  the  Lower  Magda- 
lena. He  also  established  lines  of  steamers  on  the  Upj)er  and  Lower 
Magdalena.  He  was  chiefly  instrumental  in  organizing  the  Colombian 
Transport  Company,  which  operated  jointly  all  the  steamers  on  this 
river  and  its  branches,  and  for  a  time  he  acted  as  Director  General  of 
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the  company.     He  cousfcructed  and  operated  the  Barranquilla  Tram- 
way, and  had  large  interests  in  the  Ferro-carril  de  Cucnta. 

During  the  past  twenty-five  years,  the  develoiiment  of  Colombia 
has  been  largely  influenced  and  accelerated  by  Mr.  Cisneros,  and  it  is 
seldom  that  a  country's  prosperity  owes  so  much  to  the  efforts  of  one 
man.  His  endeavors  in  that  field  were  not  toward  personal  aggran- 
dizement, but  for  steady  development  of  the  enterprises  under  his 
management,  and,  consecpiently,  an  equal  development  of  the  country's 
resources.  Ultimately,  the  government  and  people  of  Colombia  ap- 
preciated this  fact.  Their  confidence  in  him  was  most  recently  evinced 
by  selecting  him  to  defend  their  interests  in  a  controversy  between  the 
Cauca  Railway  Company  and  the  Colombian  Government,  which  was 
submitted  to  arbitration  in  New  York.  It  was  due  to  his  management 
of  the  case,  and  to  the  firm  stand  which  he  took,  that  the  Government 
of  Colombia  was  not  forced  to  submit  to  one  more  unjust  award  to  a 
foreign  corporation. 

Mr.  Cisneros  was  an  indefatigable  worker,  undaunted  by  difficulties 
or  reverses,  allowing  no  obstacles  to  swerve  him  from  his  pre-deter- 
mined  path.  As  a  man  and  a  friend  he  had  no  peer.  With  broad 
ideas  of  justice,  chivalrously  considerate  of  those  associated  with  him, 
asking  of  no  one  what  he  was  not  willing  to  undergo  himself,  kind 
and  symjaathetic,  he  endeared  himself  to  all  who  were  brought  into 
close  contact  with  him — a  man  whom  it  was  a  privilege  to  know,  an 
honor  to  call  a  friend. 

Mr.  Cisneros  became  a  member  of  the  American  Society  of  Civil 
Engineers  on  May  loth,  1872,  and  of  the  Institution  of  Civil  Engineers, 
London,  on  February  5th,  1884. 


r 
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ALBERT  FINK,  Past-President,  Am.  Soc.  C.  E.^ 


Died  Apktl  3d,  1897. 


It  is  given  to  few  engineers  to  acliieve  gTeatness  in  more  than  one 
specialty.  The  profession  now  comprises  so  many  branches  that  few 
can  reap  distinction  in  more  than  one  pai-ticular.  Some  become  eminent 
as  investigators,  or  as  constructors,  or  as  managers,  but  the  capacity  to 
excel  in  all  those  dii-ections  is  seldom  found  in  the  same  man.  But  it 
can  be  said  of  the  late  Albert  Fink,  who  was  President  of  this  Society 
from  November  5th,  1879,  to  November  3d,  1880,  that  in  the  early  part 
of  his  career  he  ranked  as  the  leading  bridge  engineer  of  this  country. 
Later  he  made  a  gi-eat  reputation  as  an  investigator  of  railroad  economics, 
and  as  a  raili'oad  manager  under  excejitional  difficulties ;  he  gained  still 
higher  fame  as  a  statesman,  dii-ecting  an  association  of  railroads,  and 
making  most  valuable  contributions  to  the  rational  solution  of  the  rail- 
road problem. 

The  following  is  the  bare  skeleton  of  dates  furnished  by  Mr.  Fink 
himself  to  the  "Biographical  Directory  of  the  Eailway  Officials  of 
America,"  when  asked  by  the  Railwaif  Age  of  Chicago  for  a  sketch  of 
his  career: 

' '  Born  Lauterbach,  Germany,  October,  1827.  Entered  railroad  ser- 
vice December,  1849.  To  October,  1853,  Assistant  to  Engineer,  Balti- 
moi-e  and  Ohio  Railroad,  in  charge  of  bridge  and  depot  constriiction, 
west  of  Cumberland.  October,  1853,  to  Augiist,  1855,  Resident  En- 
gineer, Parkersburg  Branch,  Baltimore  and  Ohio  Eaih'oad.  Aiigust, 
1855,  to  Jiily,  1837,  Di-s-ision  Engineer,  same  road;  also  Consulting  En- 
gineer, Norfolk  and  Petersbiirg  Railroad.  July,  1857,  to  October,  1859, 
Assistant  Engineer,  Louisville  and  Nashville  Raili'oad;  October,  1859, 
to  October,  1865,  Chief  Engineer  and  Superintendent  of  road  and  ma 
chinery  dejjartment.  October,  1865,  to  July,  1870,  General  Supeiin- 
tendent,  and  July,  1870,  to  October,  1875,  Vice-President  and  General 
Superintendent,  same  road.  1872  to  1875  also  Vice-President  South 
and  North  Alabama  Railroad  Company.  October,  1875  to  May,  1876, 
Commissioner  Soiithern  Railway  and  Steamship  Association.  June, 
1877  to  date  (1889),  Commissioner  Trunk  Line  Association.  Office, 
New  York  City." 

This  gives  a  most  inadequate  idea  of  the  achievements  of  this  dis- 
tinguished engineer,  and  even  this  memou*  must  fall  far  short  of  fully 
presenting  his  gTeat  abilities  and  eminent  services  to  his  adojjted  country. 

Albert   Fink   received  his  early  education  in  his  native  town  in  a 

private  school,  in  which  boys  were  prej^ared  for  the  university  course, 

much  attention  being  there  paid  to  the  study  of  Latin  and  Greek.     His 

father  was  an  architect,  and,  as  Albert  evinced  a  desire  to  follow  this 

profession,  he  was  sent  to  the  polytechnic  school  at  Darmstadt,  where 

he  took  a  coui'se  in  engineering  and  architecture,  graduating  with  high 

*  Memoir  prepared  by  O.  Chanute,  Rudolph  Fink  and  H.  G.  Prout,  Members,  Am. 
Soc.  C.  E.,  Committee  appointed  by  Board  of  Direction. 
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liouors  iu  18-48.  From  there  he  went  to  Offenbach,  near  Frankfort- on- 
the  -Main,  entering  the  service  of  a  contracting  tirm  engaged  in  the  con- 
struction of  public  bniklings,  factories  and  dwellings,  and  there  he 
gained  much  practical  experience  in  his  profession.  The  German 
Eevolution  of  1848.  in  which,  as  an  ardent  lover  of  freedom  and  a  firm 
believer  in  democratic  institutions,  he  took  a  deep  interest,  proving  a 
failure,  and  the  consequent  reaction  producing  a  most  unfavorable  con- 
dition of  things,  he  decided  to  emigrate  to  America.  He  returned 
to  his  home  early  iu  1849  to  prepare  himself  for  the  important  step  he 
was  aboiTt  to  take,  by  thoroiighly  reviewing  his  polytechnical  course  and 
by  stiidying  the  English  language.  He  was  already  exceedingly  syste- 
matic, and  made  for  himself  a  schediile  of  daily  studies,  allo^ving  noth- 
ing to  distract  him  from  the  performance  of  the  task  he  had  imposed 
upon  himself,  being  tully  determined  to  omit  nothing  that  he  could  do 
to  achieve  success  in  life. 

In  the  spring  of  1849,  the  year  in  which  so  jnany  young  Germans 
left  their  fatherland,  he  came  to  America.  Few  men  were  better 
equipped  than  he  for  the  battle  of  life,  and  none  had  more  coui-age  to 
engage  in  it.  Nevertheless,  he  found  much  difficulty  in  getting  a  start, 
and  his  courage,  patience  and  power  of  endurance  were  severely  tried 
before  he  finally  succeeded  in  obtaining  congenial  emijloyment.  In  New 
York,  where  he  landed,  he  was  unable  to  do  so,  but  soon  after  his  arrival 
in  Baltimore  he  had  the  good  fortune  to  get  a  position  in  the  drafting  office 
of  Benjamin  H.  Latrobe,  one  of  the  first  great  engineers  this  coimtry 
produced,  who  was  the  Chief  Engineer  of  the  Baltimore  and  Ohio  Rail- 
road, then  under  constriiction. 

In  those  days  engineers  and  draftsmen  who  could  make  original 
designs  were  not  as  plentiful  as  now,  and  such  work  fell  almost  entirely 
upon  the  chief  engineer.  So  it  was  natiiral  that  Albert  Fink's  thorough 
schooling  and  his  practical  experience  should  clause  him  to  soon  attract 
Mr.  Latrolie's  favorable  attention  and  cause  his  rapid  promotion.  It 
Avas  not  long  before  he  became  Mr.  Latrobe's  principal  assistant  and  was 
piit  in  charge  of  designing  and  building  bridges,  stations,  shops,  etc. ,  for 
the  new'  road  between  CiTmberland  and  Wheeling,  a  position  which  he 
retained  imtil  the  completion  of  the  line,  in  1853.  During  this  time  he 
produced  some  of  his  best  engineering  works  and  invented  his  well- 
known  truss,  which  enabled  him  to  increase  considerably  the  length  of 
sj^an  in  iron  bridges. 

!^is  first  design  on  this  plan  was  the  bridge  over  the  Monongahela 
River  at  Fairmont,  W.  Va.,  consisting  of  three  spans  of  205  ft.  each, 
built  in  1852,  this  being  then  the  longest  iron  railroad  bridge  sj)an  in 
this  country. 

The  immediate  cause  of  the  invention  of  this  truss  was  the  desire 
to  avoid  building  many  masonry  piers  in  a  large  river  subject  to  sud- 
den rises,  which  would  have  greatly  delayed  the  opening  of  the  road 
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for  traffic,  and  the  desire  to  secure  an  iron  bridge  with  less  material 
than  the  "  Bollman  "  truss*  would  have  required  for  the  same  length 
of  span. 

The  Fink  truss  is  chiefly  remarkable  for  its  great  simplicity.  The 
strains  in  each  member  can  be  readily  ascertained  without  intricate 
calculation,  and  they  are  always  either  compressive  or  tensile,  there 
being  no  member  subjected  to  both  these  strains  alternately,  while 
proper  provision  is  made  so  that  no  injurious  effects  are  produced  by 
expansion  and  contraction  caused  by  changes  in  temperature  or  by 
variable  loads. 

The  Monongahela  Bridge  was  a  through  bridge  with  cast-iron 
chords  and  posts  and  wrought-iron  tension  rods,  with  pin  connections 
throughout.  The  ends  of  the  chords  were  hung  by  links  upon  pins  in 
cast-iron  towers,  and  the  floor  beams  were  hung  by  suspension  links 
to  the  pins  connecting  the  tension  rods  with  the  posts — thus  allowing 
all  i^arts  of  the  truss  to  expand  and  contract  without  deranging  the 
structure.  Once  properly  erected  no  subsequent  adjustments  were 
ever  necessarry  on  such  a  bridge.  The  plan  was  promptly  adopted  by 
Mr.  Latrobe  for  all  the  bridges  on  the  Baltimore  and  Ohio  Railroad 
and  the  Parkersburg  Branch. 

About  the  same  time  Albert  Fink  built  two  cast-iron  high  viaducts 
of  novel  design.  They  were  erected  upon  a  steep  mountain  grade  and 
upon  sharp  curves,  and  were  considered  bold  structures  and  were 
much  admired.  When  the  Society  held  its  Annual  Convention  at 
Deer  Park,  in  1885,  the  Baltimore  and  Ohio  Railroad  officials  took 
the  members  in  a  special  train  to  view  these  viaducts,  which  were  at 
that  time  still  in  good  order. 

Besides  bridges  and  viaducts  he  furnished  designs  for  stations, 
shops  and  engine  houses,  which  were  all  characterized  by  appropriate- 
ness, neatness  in  appearance  and  by  economy  in  the  use  of  materials. 

All  these  works  made  a  considerable  reputation  for  him,  and  when 
the  Baltimore  and  Ohio  Railroad  was  completed  he  might  have  rested 
on  his  laurels  and  turned  his  attention  to  the  general  introduction  of 
his  patent  bridge-truss  and  to  the  accumulation  of  wealth.  The  time 
for  this  was  most  liropitious,  and  he  could  readily  have  obtained  the 
needfvil  capital,  for  there  was  no  probability  of  faikire;  but  he  was  not 
inclined  to  follow  such  a  course;  he  was  ambitious  to  learn  more  and 
to  perfect  himself  in  his  profession.  So  he  accepted  the  position  of 
Resident  Engineer  on  the  construction  of  the  Parkersburg  Branch, 
taking  charge  of  the  first  seven  miles  from  Grafton  west.     Mr.  Latrobe 

*  The  Bollman  bridge  was  also  designed  by  an  employee  of  the  B.  &  O.  R.  R.  The 
Fink  truss  proved  so  superior  that  it  came  into  extended  use,  and  shops  were  built  in 
Louisville  for  its  manufacture.  Many  at  the  bridges  on  the  L.  &  N.  R.  R.  were  of  this 
type.  In  1860  Mr.  Fink  was  considered  the  leading  bridge  engineer  of  the  United  States. 
When  in  1865  the  North  Missouri  Railroad  invited  designs  for  the  first  bridge  to  be 
erected  over  the  Missouri,  the  plans  of  Mr.  Fink  received  the  second  prize.  He  had  in 
the  meantime  designed,  besides  many  other  structures,  the  great  iron  bridge  across  the 
Ohio  River  at  Louisville,  which  was  begun  in  1867  and  completed  in  1870. 
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was  Cliief  Engineer  and  put  liim  also  in  charge  of  tlie  bridges  and 
buildings.  Here  lie  made  himself  familiar  with  the  nse  of  the  level 
and  transit,  and  with  graduation  and  masonry  work,  remaining  from 
October,  1853,  to  Avigust,  1855,  when  he  was  appointed  Division 
Engineer  of  the  Western  Division  of  the  same  road,  where  he  remained 
until  its  completion  in  1857. 

During  this  time  he  served  also  as  Consulting  Engineer  of  the  Nor- 
folk and  Petersburg  Eailroad,  then  building  under  William  Mahone, 
to  whom  he  famished  the  designs  for  the  principal  bridges  and  build- 
ings on  that  line. 

His  business  connections  with  Mr.  Latrobc  now  terminated.  Their 
relations  had  always  been  most  pleasant,  and  they  had  formed  a  warm 
friendship  which  continued  until  death. 

In  July,  1857,  Albert  Fink  went  to  the  Louisville  and  Nashville 
Eailroad  as  Assistant  Engineer  in  charge  of  buildings  and  bridges — 
under  George  MacLeod,  Chief  Engineer.  He  was  then  in  his  thirtieth 
year  and  in  the  prime  of  life,  with  a  capacity  for  work  such  as  few  men 
ever  had.  Though  fully  occupied  with  designs  for  the  Louisville  and 
Nashville  Railroad  he  found  time  to  prepare  plans  for  rebuilding  the 
Louisville  Court  House  (in  1858)  which  were  adopted,  he  being 
appointed  to  superintend  their  execution.  In  this  work  he  displayed 
his  talent  and  taste  as  an  architect,  and  it  added  much  to  his  reputa- 
tion. The  editice  is  to-day  the  finest  in  the  city,  if  not  in  the  State, 
and  the  pride  of  the  people  of  Louisville. 

The  Louisville  and  Nashville  Railroad  was  opened  through  to 
Nashville  in  November,  1859.  It  was  still  very  incomplete,  it  being- 
estimated  that  nearly  $1  000  000  was  yet  to  be  expended  to  make  it 
a  first-class  road.  In  October,  1859,  Mr.  Fink  was  appointed  Chief 
Engineer  and  Superintendent  of  the  Road  and  Machinery  depart- 
ments. In  1861  the  Civil  War  broke  out,  and  there  followed  an  exi:)e- 
rience  in  railroad  operation,  for  four  or  five  years,  too  dreadful,  as  we 
now  think,  ever  to  occur  again.  The  line  of  road  under  Mr.  Fink's 
charge  ran  directly  through  the  region  most  affected  by  the  contend- 
ing armies  in  Kentucky  and  Tennessee,  and  was  alternately  in  posses- 
sion of  the  Confederate  and  Federal  forces.  The  former  first  seized, 
in  July,  1861,  the  45  miles  of  the  road  in  Tennessee,  with  its  rolling 
stock,  and  in  September  further  took  possession  of  all  the  southerly 
portions  of  the  line  to  within  30  miles  of  Louisville,  leaving  but  67 
miles  out  of  268  which  could  be  operated  by  the  company.  The  Fed- 
eral forces  then  advanced  and  the  Confederates  retreated  southward, 
but  while  falling  back  they  destroyed  many  of  the  bridges,  either  by 
burning  them  or  blowing  them  up,  burned  the  depots,  the  machine 
shops,  the  engine  houses  and  the  water  stations.  They  tore  up  many 
miles  of  track,  piled  up  the  ties  and  burned  them  after  having  placed 
the  rails  on  top,  so  that  the  latter  were  badly  bent,  and  carried  off 
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such  of  the  rolling  stock  as  was  not  in  the  ditch,  so  that  the  line  was 
strewed  with  wrecks  from,  one  end  to  the  other.  Mr.  Fink  lost  no 
time  in  waiting  for  the  Federal  forces  to  protect  his  workmen.  He 
followed  up  the  retreating  Confederates  with  tireless  energy,  recon- 
structed the  damaged  portions  of  the  road,  trestled  the  bridges,* 
built  temporary  water  stations,  straightened  the  rails  and  relaid  the 
track,  and  picked  iip  the  wrecked  engines  and  cars.  This  work  was 
sei'iously  interrupted  by  local  freshets,  which  washed  out  some  of  the 
trestles,  sometimes  more  than  once,  but,  to  the  amazement  of  the  mil- 
itary, these  reconstructions  were  completed  nearly  as  fast  as  the  Fed- 
erals advanced,  and  not  infrequently  ahead  of  them.  So  adequate  was 
this  reconstruction  and  the  subsequent  operation  that  the  Louisville  and 
Nashville  was  the  only  road  in  the  South  of  which  the  Federal  authori- 
ties did  not  take  military  possession,  having  realized  that  it  could  be 
repaired  and  operated  by  Mr.  Fink  more  efficiently  than  by  themselves. 
The  Louisville  and  Nashville  Railroad  was  the  base  of  supplies  for 
the  Federal  forces.  Over  that  line  all  supplies  had  to  be  hauled, 
and  it  became  an  important  object  for  the  Confederates  to  destroy 
or  cripple  it.  Then  ensued  a  series  of  many  raids,  which  became 
celebrated  as  those  of  General  John  N.  Morgan.  This  dashing- 
cavalry  officer  slipped  through  the  Federal  forces  many  times,  made 
his  way  north  to  the  line  of  the  road,  captured  trains  and  burned 
them,  destroyed  bridges  and  water  stations,  and  repeatedly  stoj^i^ed 
entirely  the  operations  of  the  road.  By  that  time  Mr.  Fink  had 
organized,  with  great  forecast,  a  sjjecial  corps  of  bridge  builders, 
bold,  sturdy  fellows,  with  which  he  reisaired  the  damages  as  soon 
as  the  raiding  forces  withdrew.  Indeed,  in  some  cases,  too  soon,  for 
the  raiders  turned  back  ujion  their  tracks,  drove  off  the  repair  gangs 
and  occasionally  killed  some  of  the  men.  A  number  of  times  Mr. 
Fink's  own  life  was  in  danger.  Some  bridges  were  burned  three 
times — a  tunnel  was  caused  to  cave  in  by  burning  the  timbering; 
trains  were  wrecked,  and  indeed  every  class  of  injury  was  done  which 
could  be  inflicted  on  a  railroad.'  This  continued  for  about  three 
years,  and  was  followed  by  minor  raids  of  predatory  bands  and 
guerillas,  there  being  no  less  than  8  detailed  in  the  report  of  1864, 
and  22  in  the  rej^ort  of  1865,  in  which  trains  were  captured,  depots, 
cars,  bridges  and  trestles  were  burned,  and  a  number  of  the  employees 
killed,  the  total  amount  of  physical  damages  being  estimated  by  Mr. 
Fink  (report  of  1866)  at  .^689  512.39,  without  including  the  loss  of 
traffic  or  the  increased  operating  expenses.  These  damages  were 
repaired  with  wonderful  speed  and  vigor,  although  comi^licated  by 
an  unprecedented  storm  in  1865,  which  washed  away  many  embank- 
ments and  bridges,  and  stopped  the  operations  of  the  road  for  a  week. 
Moreover,    Mr.    Fink   carried    forward,    as    opportunity   and    meansj 

*  One  of  them  was  an  iron  structure  1  000  ft.  long  and  115  ft.  high,  two  spans  of  whichj 
had  been  blown  up,  while  another  was  520  ft.  long  and  92  ft.  high. 
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served,  the  work  of  completing  the  constriictiou  of  many  works  left 
nnflnislietl  at  the  first  ojieniDg  of  tfie  road,  so  that  it  was  in  prime 
condition  at  the  end  of  the  Civil  AVar,  and  did  a  large  and  profitable 
business  as  a  consequence  of  this  wise  forecast. 

In  his  annual  reports,  which  were  models  of  their  kind,  and  soon 
overshadowed  those  of  the  directors  and  of  the  oj^erating  department, 
Mr.  Fink  disi^assionately  recited  the  destructions  and  misfortunes  of 
the  preceding  fiscal  year,  together  with  detailed  estimates  of  the  cost 
of  the  damages  inflicted.  He  confined  himself  to  a  calm  statement  of 
the  facts,  and  a  characteristic  foot-note*  in  the  report  of  July  1st,  1863, 
added  just  as  it  went  to  the  printer,  exhibits  with  what  fortitude  he 
neither  allowed  himself  to  be  cast  down  by  fresh  misfortunes,  nor 
elated  by  good  luck. 

Amid  these  vicissitudes  he  inaugurated  and  maintained  the  admir- 
able system  of  accounts  and  records  which  enabled  him  to  determine 
the  cost  of  every  item  of  work,  and  which  subsequently  attracted  so 
much  attention  from  railroad  men.  He  was  made  General  Superin- 
tendent (in  addition  to  his  duties  as  Chief  Engineer)  in  1865,  and  every 
rejiort  of  the  i^resident  and  directors  drew  special  attention  to  his 
efficiency  and  good  management. 

With  the  return  of  peace,  Mr.  Fink  devoted  his  great  energies  to 
the  reorganization  and  economical  operation  of  the  road.  Not  only 
did  he  repair  the  damages  inflicted  during  the  war,  complete  the  tem- 
porary works  of  the  original  construction,  and  put  the  line  into  high 
condition,  but  he  also  made  the  first  thorough  investigation  ever  car- 
ried out  in  this  country  into  the  cost  of  railroad  traffic,  and  the  steps 
to  be  taken  to  produce  the  best  results.  Trained  to  accuracy  as  an 
engineer,  he  investigated  the  expense,  through  his  system  of  accounts, 
of  the  various  particulars  of  the  traffic,  and  introduced  science  in 
making  the  tariff's.  Up  to  that  time  railroads  had  been  ojierated 
mostly  by  rule  of  thumb,  and  little  attention  had  been  jiaid  to  the 
actual  cost  of  varioiis  classes  or  items  of  the  traffic.  The  Louisville 
and  Nashville  Railroad  in  1866  consisted  of  a  main  stem  of  185  miles 
and  three  branches  of  85,  46  and  17  miles,  respectively.  On  these  the 
cost  of  the  same  traffic  diflered  very  greatly,  in  consequence  of  its 
volume  and  of  the  local  circumstances.  Mr.  Fink  investigated  the 
•causes  and  remedies  for  this  diflerence  with  great  acumen.  This  was 
done  by  classifying  the  operating  expenses  under  some  seventy-five 
different  headings,  by  making  up  statements  of  the  amount  and  char- 
acter of  the  freight  and  passenger  traffic,  and  by  reducing  the  accounts 

*  That  foot-note  was  as  follows:  "  Since  then  Morgan  has  visited  the  road  once  more. 
On  the  4th  of  July  he  captured  Lebanon,  completely  demolished  the  company's  depot 
buildings  and  engine  house  at  that  place,  burned  all  the  cars  standing  there,  and  also 
Hardin's  Creek  bridge.  2J  miles  this  side  of  Lebanon.  On  the  6th  he  crossed  the  Main 
Stem  at  Bardstown  Junction,  on  his  way  north,  burning  Long  Lick  water  station, 
and  damaging  the  adjacent  bridge.  He  has  not  returned  since  (October  1st,  1863)  being 
now  confined  a  prisoner  of  war  in  Columbus,  Ohio.  Table  XXII  shows  the  damage  done 
to  the  road,  from  July  1st  to  October  1st,  1863." 
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to  one  common  measure  per  mile  of  road  and  per  train  mile.  His 
annual  reports  became  bulky  painplilets,  consisting  largely  of  tabular 
statements,  from  which  sound  deductions  could  be  drawn.  They  were 
in  the  nature  of  a  revelation  to  other  railroad  managers  and  experts.  In 
these  reports,  Mr.  Fink  not  only  gave  in  detail  the  results  of  the  oper- 
ations during  the  preceding  year,  and  showed  how  further  economies 
might  be  attained,  but  he  also  discussed  those  larger  politics  of  railroad 
management  relating  to  tarifi's,  alliances,  and  extensions,  which,  when 
carried  out  by  him,  subsequently  made  the  Louisville  and  Nashville 
the  great  system  which  it  has  become,  in  spite  of  the  fact  that  its 
geographical  position  scarcely  seemed  to  warrant  that  result  in  the 
beginning.  Under  his  advice  the  road  was  extended  to  Montgomery, 
Ala.,  by  acquiring  the  charter  of  the  South  and  North  Alabama  Rail- 
road Company,  and  upon  its  completion  in  October,  1872,  he  became 
Vice-President  of  that  comjaany,  having  held  a  like  j^osition  on  the 
Louisville  and  Nashville  since  July,  1870. 

In  reading  Mr.  Fink's  annual  reports  one  is  impressed  with  his 
absolute  candor.  He  never  warps  the  facts  or  the  argument,  and  he 
tells  all  there  is  to  be  told.  He  points  out  what  inci-eased  earnings  are 
due  to  temporary  causes,  siich,  for  instance,  as  the  increased  southern 
traffic  just  after  the  war,  before  the  other  lines  in  the  South  could  be 
placed  in  condition  to  compete.  He  shows  so  convincingly  the  un- 
reasonableness of  the  chronic  complaint  of  some  local  shippers  that 
their  rates  were  out  of  proportion  to  the  through  tai'iff,  as  to  have  put 
an  end  to  that  class  of  fault-finding  for  a  time.  He  is  the  first  to  show 
conclusively  by  statistics  that  a  branch  line,  unprofitable  in  itself, 
may  yield  an  adequate  profit  when  the  increased  traffic  of  the  main  line 
owning  its  securities  is  taken  into  account,  and  he  discusses  in  a 
masterly  way  some  of  the  general  features  of  the  railroad  problem, 
such  as  through  and  local  rates,  effect  of  water  competition,  etc.,  etc. 

All  this  was  done  amid  the  engrossing  cares  of  reorganizing,  man- 
aging and  rebuilding  a  railroad  in  a  region  where  the  lawless  element 
was  still  active,  for  in  1866  and  1867  various  outrages  were  committed, 
such  as  the  wrecking  and  robbery  of  the  pay  car,  the  wrecking  and 
plundering  of  a  passenger  train,  the  robbing  of  a  depot  agent,  etc. 
Mr.  Fink  prosecuted  the  perpetrators  with  great  vigor.  Most  of  the 
robbers  were  discovered  and  arrested.  Two  of  them  who  had  killed  a 
comrade  for  divulging  were  executed,  and  a  number  of  the  others  were 
sent  to  the  penitentiary. 

Mr.  Fink's  reports  attracted  such  general  interest  among  railroad 
men  that  copious  extracts  from  thp  report  of  1873-74  were  reprinted 
for  general  circulation  under  the  title  of  "  Cost  of  Railroad  Transj^or- 
tation. "  This  was  followed  in  1874  by  a  treatise  entitled  "  Investiga- 
tion into  the  Cost  of  Passenger  Traffic,"  based  tipon  the  traffic  of  the 
Louisville  and  Nashville  Railroad  since  1867,  which  was  to  have  been 
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followed  up  b}'  a  second  part  containiDg  the  results  of  an  investigation 
into  the  cost  of  freight  traffic,  the  completion  of  Avhich  was  prevented 
by  Mr.  Fink's  official  duties.  The  portion  thiTs  published  discussed 
with  conciseness  the  causes  which  affect  the  cost  of  transportation, 
the  expenses  connected  with  passenger  trains,  the  character  of  the 
loads  carried  by  them,  with  the  cost  of  each  class,  the  effect  of  an  in- 
crease  of  business  upon  the  cost,  and  the  cost  of  mail  and  postal 
service.  So  able  was  it  all  that  another  edition  was  called  for 
in  1876,  and  Mr.  Fink  was  invited  to  appear  before  the  special  com- 
mission of  Congress  on  "Railway  Mail  Transportation."  The  pam- 
phlet, which  was  reviewed  at  length  in  the  Railroad  Gazette  of  May 
30th,  1874,  remains  a  classic  to  this  day,  and  the  full  and  convincing 
work  of  this  distinguished  engineer  is  still  almost  the  only  known 
treatise  upon  the  abstruse  subject  of  the  cost  of  railroad  transportation. 

These  continuous  and  absorbing  labors  doubtless  induced  in  Mr. 
Fink  a  certain  sense  of  fatigue;  moreover,  he  desired  to  complete  his 
studies  of  the  cost  of  freight  traffic,  which  traffic  he  believed  to  be 
more  important  and  complicated  than  that  done  on  passenger  trains, 
and  he,  therefore,  declined  a  i-e-election  as  Vice-President  and  General 
Superintendent  at  the  annual  meeting  of  the  stockholders  of  the  Louis- 
ville and  Nashville  Railroad  in  October,  1875.  Very  comjalimentary 
resolutions  (published  in  the  annual  report)  were  passed  by  the 
directors  of  the  road,  and  he  began  i^reparations  for  a  long  European 
ti'ip.  He  was  not  suffered  thus  to  get  out  of  harness,  however,  for  the 
"  Southern  Railway  and  Steamshij)  Association,"  already  in  existence, 
was  then  looking  about  for  a  commissioner,  and  persuaded  him  to  take 
the  place  until  matters  could  be  put  into  smooth  working  order. 

In  1875,  Mr.  Fink  entered  on  the  work  for  which,  consciously  and 
unconsciously,  he  had  been  preparing  for  years.  It  was  a  work  of 
great  originality,  and  of  difficulties  quite  as  great.  A  critical  jjeriod  in 
the  history  of  the  railroads  of  the  United  States  had  been  reached, 
and,  in  the  decade  between  1870  and  1880,  a  very  important  change 
took  place  in  the  attitude  of  those  who  controlled  railroad  properties 
toward  the  owners  of  those  properties,  toward  other  railroads,  toward 
society  and  toward  the  State.  In  bringing  about  this  change  Mr. 
Fink  had  more  to  do  than  any  other  man,  perhaps  more  than  any  other 
dozen  men. 

Very  briefly  stated,  the  change  was  something  like  this:  The  stage 
of  expansion  began  to  give  way  to  the  stage  of  organization.  The  un- 
scrupuloiis,  the  "smart,"  and  the  corrupt  railroad  officers  began  to  sink 
in  relative  numbers  and  power,  and  the  men  of  high  professional  spu'it 
became  relatively  more  numerous  and  more  influential.  The  theory 
that  railroads  were  merely  i^rivate  properties,  worked  only  for  the 
profit  of  owners,  or  often  for  the  personal  gain  of  officers,  began  to 
give  way  to  the  theory  that   railroads    are    quasi-public    institutions 
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enjoying  valuable  jDowers  and  privileges  received  from  the  State,  and 
having  corresponding  duties  and  obligations  to  the  State.  The  theory 
of  the  control  of  rates  and  service  by  competition  broke  down  and 
began  to  give  place  to  the  theory  of  control  by  combination.  It 
must  not  be  supposed  that  these  changes  came  about  all  at  once,  or  that 
they  are  yet  complete,  or  that  they  have  gone  on  during  the  last  twenty- 
five  years  without  interruption ;  but  the  tendencies  to  these  changes 
began  to  be  strongly  marked  at  this  jseriod  in  Mr.  Fink's  career. 

The  Southern  Railway  and  Steamshij)  Association  was  organized  in 
1875.  It  was  a  combination  of  about  twenty- five  southern  railroads, 
formed  for  the  purj^ose  of  controlling  and  regiilating  rates,  to  the 
end  that  they  might  be  kept  reasonally  permanent  and  so  controlled 
as  to  lead  to  the  least  jjossible  discrimination  between  persons  or 
places.  It  requires  slight  familiarity  with  the  social  economics  of 
railroads  to  apjireciate  that  such  regulation  of  rates  would  sweep 
away  most  of  the  evils  felt  by  the  railroads  themselves  and  by  the 
communities  which  they  served.  The  Southern  Railway  and  Steamship 
Association  was  the  first  really  important  and  influential  combination 
of  this  kind,  and  one  of  the  most  successful  ever  established.  It  was 
largely  of  Mr.  Fink's  creation  and  was  a  highly  organized  institution. 
It  was  designed  as  a  machine  to  enable  the  railroads  to  work  together 
with  or  withoiit  iiooliug,  as  might  be  thought  expedient.  But  the 
association  was  much  moi-e  than  a  pool.  While  it  was  designed  to 
divide  the  competitive  traffic,  it  was  designed  further  to  facilitate  hand- 
ling the  through  traffic.  To  that  end  it  arranged  classifications  and 
rates,  and  it  sei-ved  as  a  clearing  house  for  through-traffic  accounts. 
Of  this  great  organization  Mr.  Fink  was  the  working  chief,  and  all  who 
are  able  to  judge  agree  that  its  affairs  were  well  managed  from  the 
start.  The  jjlan  of  work  and  the  body  of  rules  were  j^repared  by  Mr. 
Fink  with  German  painstaking  and  thoroughness  and  were  adminis- 
tered by  him  with  distinguished  ability,  justice,  tact  and  resolution. 

In  May,  187C,  Mr.  Fink  felt  that  he  could  withdraw  to  resume  his 
Ijlan  of  rest  and  study,  and  after  aboiit  a  year  spent  in  Louisville  to 
arrange  his  personal  affairs,  he  started  in  June,  1877,  for  a  trij)  to 
Europe.  This  time  he  got  as  far  as  New  York,  arriving  there  at  a  time 
when  the  chief  executive  officers  of  the  four  eastern  trunk  lines  were 
endeavoring  to  compass  measures  to  prevent  the  recurrence  of  the  dis- 
astrous railroad  war  of  the  preceding  year.  Mr.  Fink  was  consulted, 
and  so  greatly  imjiressed  the  executive  officers  that  they  jirevailed 
upon  him  to  organize  and  to  conduct  the  affairs  of  their  proi^osed  asso- 
ciation, upon  a  plan  chiefly  devised  by  himself.  The  Trunk  Line  Asso- 
ciation which  was  then  formed  included  the  Baltimore  and  Ohio,  the 
Pennsylvania  Railroad,  the  Erie  and  the  New  York  Central  and  Hudson 
River  Railroad.  It  was  established  to  divide  the  west-bound  traffic. 
Late  in  1878  these  lines  and  their   western  connections,  north  of  the 
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Ohio  Kiver,  antVeast  of  the  Mississippi  Eiver  and  to  the  Atlantic,  and 
including  also  the  Louisville  and  Nashville,  agreed  to  co-operate  in  all 
matters  relating  to  comi^etitive  traffic,  and  the  Joint  Executive  Com- 
mittee was  formed.  Of  this  Mr.  Fink  was  made  Chairman,  retaining 
also  his  commissionershiiJ  of  the  Trunk  Line  Association.  He  thus 
became  the  executive  officer  of  all  the  most  j^owerful  railroads  in  the 
United  States,  so  far  as  concerned  their  competitive  traffic  arrange- 
ments. That  he  occupied  a  jjosition  of  great  power  and  great  delicacy 
no  one  will  deny.  That  he  filledit  with  remarkable  skill  everyone  will 
admit.     Mr.  Charles  Francis  Adams  said: 

"  It  is  safe  to  say  that  the  greatest  of  all  these  combinations,  that  of 
the  Trunk  Lines,  is  held  together  only  by  the  jjersonal  influence  and 
the  force  of  character  of  one  man,  its  Commissioner,  Colonel  Fink. " 

With  numerous  troubles  and  vicissitudes  the  Trunk  Line  Associa- 
tion was  held  together,  and  in  1898  it  is  still  in  existence,  but  its  power 
and  capacity  were  much  abridged  by  the  Federal  Inter-State  Commerce 
Act  which  went  into  effect  in  1887.  Mr.  fink  resigned  in  the  middle 
of  1889,  partly  for  the  reason  that  Federal  legislation  nullified  to  some 
extent  the  effect  of  his  labors  and  partly  for  the  reason  that  his  health 
was  failing.  Indeed,  for  two  or  three  years  before  his  resignation  he 
had  been  absent  from  his  office  a  great  deal. 

The  Joint  Executive  Committee  gave  place  to  the  Joint  Traffic 
Association  which  was  so  organized,  it  was  believed,  as  to  conform  to 
the  Inter-State  Commerce  Law  and  to  aid,  rather  than  to  retard,  the 
operations  of  that  law.  The  Southern  Railway  and  Steamship  Asso- 
ciation also  underwent  vital  reorganization  after  the  passage  of  the 
act.  Many  other  associations  of  much  the  same  character  as  these 
have  been  formed  and  still  live,  but  on  all  of  them  Mr.  Fink's  influence 
is  felt  as  a  lasting  force. 

During  Mr.  Fink's  long-continued  and  far-reaching  labors  in  this 
great  field  he  was  associated  with  and  aided  by  many  able  men,  stu- 
dents or  administrators,  or  both,  but  among  them  all  he  stood  jire- 
eminent.  In  the  establishment  and  growth  of  correct  ideas  of 
rate-making  and  classification  he  was  an  original  student,  investigator 
and  teacher.  In  the  development  of  methods  of  organized  co-operation 
among  railroads  he  was  a  leader.  In  discovering  and  formulating  the 
true  theories  of  the  relations  of  railroads  to  each  other  and  to  their 
patrons  and  to  the  State  he  was  one  of  the  earliest  of  the  really  scien- 
tific philosophers. 

Mr.  Fink's  mind  was  broad  and  comi:)rehensive,  but  it  was  also 
stored  with  detailed  information.  He  had  a  solid  and  clear  knowledge 
of  his  subject  acquired  in  his  own  way,  at  first  hand,  and  thus  he  com- 
manded his  knowledge.  His  analyses  of  the  cost  of  transportation, 
begun  on  the  Louisville  and  Nashville,  were  the  most  comjjlete  that 
had  ajjpeared  up  to  that  time,  perhaps  the  most  comi^lete  ever  made, 
and  they  have  served  as  a  basis  for  much  of  the  work  of  other  students 
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along  these  lines.     Professor  Hadley  says  that  Mr.  Fink's  Report  on 
Transportation  Eates  to  the  Seaboard 

"  Is  one  of  the  most  siiccessful  applications  ever  made  of  mathe- 
matical methods  to  social  phenomena.  It  ought  to  give  Mr.  Fink  as 
high  a  rank  among  scientific  investigators  as  he  holds  among  practical 
men. " 

In  Mr.  Fink's  dealings  with  the  problems  of  railroad  management, 
and  of  their  relations  to  each  other  and  to  the  people  of  the  nation,  he 
did  not  permit  himself  to  be  guided  by  theories  which  he  had  evolved. 
He  knew  no  such  easy  process.  He  was  a  true  Baconian.  He  learned 
the  facts  as  far  as  in  him  lay  (and  his  powers  of  acquisition  were  great), 
and  his  theories  grew  from  such  knowledge,  but  under  it  all  lay  the 
clear,  jiist  spirit  Avhich  could  detect  the  real  and  the  false  and  which 
was  always  directed  toward  an  ideal  justice.  In  one  of  the  United 
States  Senate  inquiries  by  special  committee.  Senator  Harris  asked 
Mr.  Fink  if  he  would  be  willing  to  formulate,  in  the  shape  of  a  bill,, 
such  legislation  as  he  would  recommend.  Senator  Harris  said:  "I 
make  this  suggestion  to  Mr.  Fink  because  I  know  of  no  man  in  the 
whole  country  who  has  more  extensive  and  accui'ate  information  upon 
the  railroad  side  of  this  question."  Mr.  Fink  promptly  added:  "And 
upon  the  other  side,  too;  I  am  looking  upon  the  other  side  as  well  as 
upon  the  railroad  side." 

Mr.  Fink  was  as  far  as  possible  from  socialism.  He  believed  in 
the  free  play  of  the  forces  that  emjierors  or  legislators  cannot  control, 
the  forces  which  really  make  human  progress.  He  always  contended 
for  the  common  law  which  embodies  the  wisdom  and  experience  of 
i:)ast  ages  and  which  cannot  be  improved  by  special  legislation;  and 
Mr.  Fink's  labors  if  fully  accepted  would  have  made  most  si^ecial  rail- 
road legislation  unnecessary,  or  would  have  so  directed  it  that  it  would 
have  been  more  efficient  and  beneficial.  Thus  he  Avas  a  man  whom 
Germany  could  ill  spare,  and  whose  teachings  and  example  have  helped 
to  make  our  own  nation  strong  and  free. 

At  the  first  meeting  of  the  officers  of  roads  in  the  Joint  Traffic  As- 
sociation, held  after  Mr.  Fmk's  death,  Mr.  George  R.  Blanchard, 
Commissioner  of  the  Association,  and  who,  as  an  officer  of  the  Erie 
Railway,  had  taken  a  jjrominent  jjart  in  the  establishment  of  the 
Trunk  Line  Association,  of  which  Mr.  Fink  became  the  head,  presented 
the  following  minute,  which  was  unanimously  adopted  and  ordered  to 
be  recorded,  both  by  the  managers  and  by  the  Board  of  Control.* 

•' Albert  Fink,  born  at  Lauterbach,  Germanv,  October  27th.  1827, 
and  who  died  April  M,  1897,  was  from  June,  1877,  to  July,  1889,  the 
Commissioner  of  the  Trunk  Line  Association,  the  Chairman  of  the 
Joint  Committee,  the  Secretary  of  the  Presidents,  and  in  many  in- 
stances their  arbitrator.  Being  chosen  because  of  his  prior  demon- 
strated fitness  for  those  duties,  he  brought  to  their  performance  a 
thorough  education  and  a  rare  combination   of  organizing,  executive 

*  Railroad  Gazette,  April  IGth,  1897. 
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ami  judicial  facilities  aud  ability;  exercised  his  complex  duties  with 
eminent  fairness,  and  with  just  consideration  for  mutual  rights,  and 
left  the  association  voluntarily,  bearing  the  esteem  and  regrets  of  all 
his  associates  and  competitors. 

"In  the  conduct  of  his  duties  he  showed  rare  powers  of  concentra- 
tion, analysis  aud  statement,  a  comprehensive  mind,  alive  to  the  de- 
velopment of  the  railway  system  and  the  public  business  and  their 
mutual  relations,  the  intricacy  of  the  problems  which  he  confronted, 
a  thorovigh  devotion  to  the  task  of  solving  the  great  difficiilties  en- 
countered, and  exceptional  courage  and  discretion.  His  decisions 
were  rarely  appealed  from,  and  most  often  to  himself.  Even  when  he 
was  most  characterized  by  the  public  as  an  aixtocrat  in  transportation 
rates  and  rules,  he  was  giving  the  wisest  and  most  liberal  considera- 
tion to  their  interests.  If  the  great  duty  whicla  he  had  undertaken — 
to  harmonize  the  extended  rival  interests  which  he  served — was  not 
accomjilished,  it  was  through  no  fault  of  his  devotion  or  administra- 
tion; and  the  expressions  of  his  own  regrets,  w^hen  he  left  his  duties, 
that  he  had  not  entirely  achieved  his  purposes,  will  be  remembered  by 
all  as  a  tribiite  to  his  sincerity,  and  should  afford  an  incentive  to  con- 
tinued effort  to  the  same  great  ends  on  the  part  of  those  who  now  ad- 
minister the  same  i^roperties. " 

When,  after  this  strenuous  business  life,  the  imijerative  need  of 
rest  came  to  him,  Mr.  Fink  resigned  the  office  of  Trunk  Line  Commis- 
sioner, in  1889,  and  went  for  a  few  months  to  Europe;  thence  return- 
ing with  his  only  child,  a  daughter,  to  Louisville,  Ky.,  he  reopened 
the  old  home  where  he  had  spent  the  short  i^eriod  of  his  happy 
married  life  with  Sarah  Hunt.  He  kept  it  as  a  reste  a  pied,  traveling 
extensively,  both  in  this  country  and  in  Europe.  Scenery  was  a  source 
of  great  enjoyment  to  him,  and  he  was  interested  in  everything  great 
and  small,  from  the  social  problems  of  the  places  he  visited  to  their 
local  coloring  and  customs.  "While  at  home  he  occupied  himself  with 
his  books,  spending  the  better  part  of  every  day  and  far  into  the  night 
reading  with  intense  interest  works  on  philosophy  and  history.  In  his 
retirement  he  missed  greatly  his  active  business  life,  but,  although 
he  had  many  tempting  offers  to  return  to  it,  he  declined  them  all. 

During  the  last  two  years  of  his  life  he  had  severe  attacks  of  illness 
caused  by  kidney  trouble,  each  one  sapping  more  his  strength,  both 
physical  and  mental,  until  his  death,  which  came  suddenly  and  with- 
out pain  early  in  April,  1897. 

Albert  Fink's  chief  characteristics  were  conscientiousness,  jjas- 
sionate  love  of  truth,  fine  sense  of  justice,  perseverance,  untiring 
energy,  dauntless  courage  and  strong  will.  Nothing  could  make  him 
deviate  from  his  path  of  duty.  His  strong  analytical  mind  never 
rested  until  it  had  found  the  truth,  the  bed-rock  of  facts,  and  had  dis- 
covered all  the  reasons  why  things  were  so  and  could  not  be  other- 
wise. His  decisions  on  questions  submitted  to  him  for  arbitration 
were  nearly  always  correct,  and  were  readily  accepted  by  both  sides. 
His  tenacity  of  purpose,  his  uncommon  intellectual  powers,  and  the 
power  of  concentration,  which  he  possessed  to  a  remarkable  degree. 
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enabled  him  to  solve  intricate  problems  in  fields  of  labor  for  wliicli 
he  had  not  i^rej^ared  himself,  and  in  which  he  had  but  little  ex- 
perience. As  an  energetic  worker  he  had,  perhaps,  no  equal  among 
his  contemporaries.  Courageously  and  unswervingly  he  advanced  to 
the  goal  he  had  set  for  himself  in  his  early  youth;  to  educate  himself 
thoroughly,  to  develop  his  faculties  to  the  widest  extent  and  so  rank 
with  the  highest  in  his  profession.  "When  he  undertook  work  or 
study  he  gave  all  his  energy  to  it,  and  he  did  it  thoroughly.  He  was 
deeply  versed  in  philosophy  and  history,  and  interested  in  science, 
literature  and  art,  and  in  touch  with  all  the  questions  of  the  day. 

His  fairness,  honesty  and  integrity  made  him  admired  by  the  men 
with  whom  he  came  in  business  contact.  In  his  business  dealings,  he 
was  not  only  straight  from  a  business  point  of  view,  but  he  was 
morally  straight.  Several  of  his  inventions  made  the  fortunes  of 
other  men,  he  himself  neglecting  to  exploit  these  fruitful  sources  of 
wealth.  The  utility  and  i^erfection  of  his  work  were  his  goal,  not  the 
amassing  of  a  fortune.  His  employees  were  devoted  to  him;  they 
cheerfiilly  performed  the  duties  he  assigned  them  and  took  the 
deepest  interest  in  his  success.  Even  now,  after  so  many  years  have 
passed  away,  they  refer  with  pleasure  to  the  fact  that  they  once 
worked  under  him. 

Albert  Fink  was  distinguished  in  appearance  and  unusually  hand- 
some. He  was  tall  and  well  proportioned.  He  had  a  noble  head  and 
broad  forehead.  His  mouth  and  chin  showed  the  strength  and  force 
of  his  character,  while  the  expression  of  his  large,  dark  eyes  was  wise, 
calm  and  thoughtful  and  infinitely  tender.  When  he  spoke,  what  he 
said  was  clear,  concise  and  to  the  point;  in  a  very  few  words  he  told  a 
great  deal. 

He  enjoyed  society,  but  his  life  was  too  busy  for  him  often  to  be 
able  to  indulge  in  social  pleasure.  His  manners  were  simple  and 
very  cordial.  The  strength  and  simplicity  of  his  character  and  the 
kindness  and  gentleness  of  his  nature  won  for  him  the  affection  of 
men  and  women,  young  and  old.  He  had  a  strong  and  tender  love 
for  little  children.  In  his  tastes  he  was  simi^le,  and  he  sjDent  little 
for  his  jjersonal  uses,  but  he  was  lavish  in  giving.  No  one  ever  called 
upon  him  in  vain  for  assistance,  and,  without  being  called  upon,  he 
lightened  the  burdens  of  many  who  -will  remember  him  with  grateful 
hearts.  To  be  able  to  do  good,  to  relieve  suffering,  was  his  principal 
hajjpiness.  He  was  a  most  remarkable  man,  a  true  gentleman,  and 
one  who  had  reached  the  highest  tyi^e  of  humanity. 

Mr.  Fink  was  elected  a  member  of  the  American  Society  of  Civil 
Engineers  on  July  20th,  1870;  he  became  a  Fellow  on  September  3d 
1872.  He  served  as  Vice-President  of  the  Society  from  November  7th, 
1877,  to  November  5th,  1879,  and  as  President  from  November  5th,  1879, 
to  November  3d,  1880. 
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SAMUEL  KILLEEREW,  M.  Am.  Soc.  C.  E.* 


Died  Januaky  9th,  1899. 


Samnel  Killebi-ew,  son  of  George  W.  and  Mary  A.  Killebrew,  was 
born  near  Oak  Grove,  Christian  County,  Ky.,May  14th,  1840.  From 
early  chiklhood  he  manifested  a  taste  for  mathematics,  which  his 
parents  encouraged  and  cultivated,  jjlacing  him  xxnder  the  care  of  the 
best  teachers  in  the  vicinity  of  their  home  and  giving  him  a  thorough 
preparation  for  college.  He  entered  college  at  Eussellville,  Ky.,  in 
Janxiary,  1856,  and  remained  two  years,  leaving,  to  assume  his  first 
work  in  the  line  of  his  chosen  profession. 

He  began  his  career  in  engineering  as  rodman  under  Col.  George 
B.  Fleece,  Chief  Engineer  of  the  old  Memphis,  Clarksville  and  Louis- 
ville Railroad  in  1859.  Mr.  John  B.  Tapscott,  who  was  in  charge  of 
the  division  on  which  he  was  employed,  says  of  him: 

"  He  was  a  country  boy  of  roiigh  exterior  and  looked  as  if  he  could 
manage  a  plow  team  or  split  a  rail  better  than  he  could  manipulate  a 
transit  or  level.  In  less  than  two  weeks  I  found  my  country  boy  was 
far  from  being  a  bumpkin,  but  was  a  close,  observing,  accurate  and 
valuable  assistant." 

He  continued  in  the  work  until  the  Civil  War  began,  when  he  left 
the  railroad  to  serve  the  Confederate  Government.  In  1870  to  1878 
he  was  employed  in  various  capacities  in  the  location  and  construc- 
tion of  the  Brownsville  and  Ohio  Railroad  in  Tennessee,  his  continued 
advancement  from  rodman  on  jjreliminary  survey  to  responsible  charge 
of  construction  bearing  evidence  of  his  energy  and  ability. 

In  1881  he  was  ajjpointed  Assistant  Engineer  of  the  Galveston, 
Harrisburg  and  San  Antonio  Railway,  then  being  built  from  San  An- 
tonio, Texas,  westward  to  a  connection  with  the  Southern  Pacific,  and 
was  assigned  to  duty  as  instrument  man  in  a  locating  party.  It  was 
on  this  work  that  the  writer  first  met  him,  and  here  began  a  friendship 
Avhich  only  terminated  with  his  death.  As  is  often  the  case  when  a 
new  man  joins  a  party  that  has  been  in  the  field  for  some  time,  Mr. 
Killebrew  was  not  welcomed  with  much  cordiality  by  some  of  the 
members  of  the  party.  On  one  occasion,  the  engineer  in  charge  being 
on  reconnoissance  and  Mr.  Killebrew  being  in  charge,  there  was  an 
open  revolt  against  his  orders.  The  manner  in  which  he  handled 
this  trouble  showed  a  firmness  that  would  not  permit  trifling,  but 
withal  a  kindly  spirit  of  forgiveness  that  won  for  him  the  good  will 
and  respect  of  all  the  party.  Not  long  after  this  "the  Major  "  was 
the  most  popular  man  in  the  party  and  he  was  never  troubled  again. 

At  this  time  it  was  found  very  difficult  to  get  a  location  over  a 
certain  summit,  with  the  adopted  gradient,  and  while  the  party  was 

*  Memoir  prepared  by  E.  B.  Gushing,  M.  Am.  Soc.  C.  E. 
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on  this  work,  Major  Killebrew  was  detached  from  the  regular  corps  to 
assist  in  reconnoissance.  With  a  corps  of  only  two  men,  and  with 
only  a  surveyor's  compass  and  chain  he  worked  out  a  line  that  was 
located  and  built  uiJon.  This  was  the  opi)ortunity  that  demonstrated 
his  ability,  and  Major  Converse,  the  Chief  Engineer,  gave  him  charge 
of  a  party  on  another  location.  During  the  year  that  followed  he 
located  a  line  to  Fredei'icksburg,  Texas,  70  miles,  and  from  La 
Grange  to  Bastroja,  Texas,  35  miles.  Though  the  company  for  which 
these  lines  were  located  did  not  build  them,  yet  other  corporations 
have  since  constructed  the  roads.  Notwithstanding  they  had  the 
best  engineering  talent,  their  constructed  line  does  not  vary  appreci- 
ably from  Mr.  Killebrew's  stakes. 

In  1882,  when  Mr.  C.  P.  Huntington  and  his  associates  decided  to 
build  into  Mexico,  Major  Converse  was  asked  to  recommend  a  man 
to  locate  the  line.  He  sent  Mr.  Killebrew  to  New  York,  and  Mr. 
Huntington,  with  his  good  judgment  of  human  nature,  at  once  em- 
ployed him.  This  may  be  called  Mr.  Killebrew's  life  work  and  his 
monument.  Beginning  at  Piedras  Negras,  Mexico,  in  the  middle  of 
a  hot  summer  to  locate  a  line  through  a  foreign  country,  the  inhabit- 
ants of  which  were  not  generally  friendly  to  "  Griago  "  intriision,  the 
language,  customs  and  laws  being  entirely  new,  and  the  water,  food  and 
forage  suj^plies  being  meager,  he  was  beset  from  the  first  with  diffi- 
culties that  were  extremely  trying.  With  no  precedents  to  guide  him 
and  with  imperfect  and  unsatisfactory  maps  to  indicate  his  course, 
he  started  his  work  with  the  same  confidence  and  cheerfulness  he  had 
displayed  in  former  undertakings.  Mounting  his  mustang  pony,  his 
little  compass  and  hand  level  in  his  saddle  bags,  he  bade  us  farewell 
and  started  for  the  moimtains.  When,  in  ten  days,  he  returned,  the 
general  line  of  the  Mexican  International  Railroad,  over  the  first 
mountain  jsass,  as  it  is  to-day  operated,  was  determined. 

This  line,  as  constructed,  has  several  mountain  summits  to  over- 
come and  stream  crossings  to  make,  the  detailed  location  of  which  in- 
volved some  prompt  decisions  on  general  points,  as  well  as  nice 
adjustments  as  to  details.  In  addition  to  this,  the  location  was  made 
through  a  country  where  adequate  food  and  water  supply  was  want- 
ing. There  were  frequent  depredations  by  roving  bands  of  Indians 
or  by  natives  disguised  as  Indians,  who  were  worse  than  the  originals. 
The  question  of  properly  maintaining  a  party  was  often  as  trying  as 
the  work  itself.  During  all  this  time  Mr.  Killebrew  never  once  lost 
his  control  of  the  situation,  but  anticipated  and  provided  for  prob- 
able emergencies,  spending  much  of  his  own  time  long  distances 
ahead,  looking  out  the  way,  and  between  the  i^reliminary  corps  and 
the  locating  party,  which  were  generally  25  to  40  miles  apart.  His 
presence  around  the  camp  fire  encouraged  the  men,  and  his  wonder- 
ful grasp  and  memory  of  toj^ography  rendered  easy  the  work  of  his 
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assistant  engineers.  He  never  lievmitted  a  i:)arty  to  leave  a  district 
between  two  controlling  points  until  l)otli  the  assistant  engineer  in 
charge  and  himself  were  satisfied  that  the  line  in  detail  was  where  it 
should  be  and  no  considerable  improvement  was  possible. 

On  one  occasion,  the  owners  of  the  property  and  their  consulting 
engineer  were  anxious  to  build  the  road  as  close  as  possible  to  a  certain 
town.  Mr.  Killebrew  abandoned  all  work  ahead  and  ordered  both  his 
corps  to  the  woi'k  of  modifying  the  line,  assigning  one  party  to  each 
side  of  the  river  and  directing  both  in  person.  When  the  final  deter- 
mination was  made,  it  was  after  every  available  route  had  been  tried. 
The  line,  however,  was  not  satisfactory,  and  as  the  construction  ad- 
vaiiced,  other  engineers  were  detailed  to  get  one  nearer  in.  Major 
Killebrew  heard  of  this,  but  instead  of  being  hurt,  he  said:  "I  hope 
they  -will  get  what  is  wanted,  but  I  am  afraid  they  will  not. "  The  road 
"was  built  on  the  Killebrew  line. 

He  remained  with  this  company  until  all  its  projects  had  been 
explored  and  miich  of  the  line  built.  In  1889  he  was  employed  by  the 
Mexican  Pacific  Railway  in  a  very  difBcult  location  on  the  Atlantic 
side  of  the  mountains,  in  Southern  Mexico.  This  location  led  to  the 
head  of  navigation  on  the  Grijalva  River,  at  San  Juan  Bautista.  A 
portion  extended  through  a  mountain  range  entirely  unknown,  and  as 
the  coast  was  approached,  the  route  lay  through  swamps  and  a  dense 
tropical  jungle,  in  which  life  was  made  a  burden  by  the  swarms  of 
stinging  insects  and  the  dangers  of  bites  from  venomous  reptiles.  His 
principal  assistant,  Arthur  C.  Wheatley,  Assoc.  M.  Am.  Soc.  C.  E. , 
writing  of  this  work,  says:  "He  was  always  cheerful  and  encourag- 
ing in  spite  of  the  dangers,  difficulties  and  sickness  which  surrounded 
us."  On  the  completion  of  this  work  he  returned  to  his  home  in 
Brownsville,  Tenn. 

When  the  Mexican  International  decided  on  further  extensions,  Mr. 
Killebrew  was  again  sent  for  and  placed  in  charge  of  the  surveys.  He 
made  some  extensive  reconnoissances  and  surveys,  including  lines 
from  Durango  to  Guadalajara,  Durango  to  Guanacevi,  Durango  to  Ma- 
zatlan,  and  many  others;  his  work  for  this  company  embracing,  prob- 
ably, between  2  500  and  3  000  kilometers  of  final  location,  much  of 
which  was  built.  He  was  engaged  in  surveying  a  line  from  Durango  to 
the  Pacific  Ocean  when  the  final  sickness  came  on  him,  and  he  died 
in  Durango,  Mexico,  January  9th,  1899. 

A  chronological  statement  of  his  work  does  not  constitute  a  proper 
memoir  of  Samuel  Killebrew,  for  he  was  an  extraordinary  man  in  many 
respects.  He  was  very  simple  in  his  tastes  and  very  aj^proachable. 
He  was  genial  in  manner  and  would  go  out  of  his  way  to  show  atten- 
tion to  the  people  living  along  the  line  of  his  surveys.  His  judgment 
of  topography  was  a  natural  gift,  but  one  that  he  always  cultivated. 
He  could  ride  through  a  new  country  and  estimate  with  a  wonderful 
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degree  of  accuracy  the  differences  ia  level  and  distance  between  tlie 
controlling  points.  In  later  years,  his  health  was  broken,  but  his 
energy  prior  to  this  was  ceaseless.  He  never  let  anything  divert  him 
from  his  work,  and  he  instilled  in  those  around  him  such  interest  in 
the  work  ia  hand  that  it  was  a  topic  of  general  conversation  around 
the  camp  fire  at  night.  In  this  way,  the  work  was  made  as  pleasant 
as  possible  to  those  who  had  to  bear  the  burdens.  He  was  painstaking 
with  his  men,  never  losing  interest  in  showing  them  how  to  solve  the 
problems  that  came  up  daily  on  such  work,  and  many  an  engineer  will, 
with  the  writer,  always  feel  grateful  for  his  kindly  interest  and  assist- 
ance in  those  days  of  early  trials  and  hardships.  He  was  liberal  with 
his  men,  and  even  in  early  days,  when  working  on  a  small  salary,  he 
would  share  his  earnings  with  those  in  need  as  cheerfully  as  when  later 
on  he  could  better  afford  to  do  so. 

He  was  loyal  and  faithful  to  the  interests  of  his  employers,  and  had 
the  work  been  his  own,  he  could  not  have  given  it  more  attention.  As 
a  man,  he  never  outgrew  his  boyhood's  reverence  and  affection  for  his 
parents,  and  often  on  trips  he  would  speak  with  the  greatest  affection 
of  his  mother  and  tell  anecdotes  of  his  early  training.  His  wife  accom- 
panied him  on  tha  survey  whenever  it  was  practicable  for  her  to  do  so, 
and  was  with  him  when  he  died. 

His  work  is  a  monument  to  his  professional  skill,  and  he  has  left  in 
the  hearts  of  those  who  were  with  him  tender  memories  of  his  many 
acts  of  kindness  which  they  will  never  forget. 

Mr.  Killebrew  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers,  September  2d,  1885. 
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FREDERICK  HENRY  SMITH,  M.  Am.  Soc.  C.  E.* 


Died  Decembeb  24th,  1898. 


Frederick  Heary  Smith  was  born  in  Pittsburg,  Pa.,  on  November 
lOth,  1839,  and  there  his  early  schooling  was  effected.  At  the  age  of 
thirteen  he  went  with  his  uncle,  Col.  James  Shaler,  to  Lake  Superior, 
where,  as  a  boy,  in  immediate  contact  with  some  of  the  great  mining 
industries,  he  acquired  his  taste  for  geology  and  mineralogy.  When 
but  sixteen  years  of  age  he  entered  the  engineering  service  of  the 
Louisville  and  Nashville  Railroad,  under  the  late  George  MacLeod, 
O.  E.,  and  continued  in  this  field  until  the  breaking  out  of  the  Civil 
War,  when  he  became  a  military  engineer  in  the  service  of  the  Con- 
federate States. 

Here,  besides  serving  on  strictly  military  duty,  he  was  detailed 
to  the  Niter  and  Mining  Bureau,  where  he  devoted  his  energy  to  the 
production  of  saltpeter  and  other  material  required  for  munitions  of 
war.  The  caves  of  Alabama,  Georgia  and  Tennessee  were  ransacked, 
under  his  guidance,  for  niter  to  supply  the  powder-mills.  He  was 
also  engaged  during  the  war  in  rehabilitating  some  of  the  old  and 
disused  iron-smelting  furnaces,  and  in  other  metallurgical  work. 

At  the  close  of  the  war.  Captain  Smith  turned  his  varied  experience 
to  the  practice  of  civil  engineering,  and,  establishing  himself  at  Balti- 
more, Md.,  became  a  member  of  The  Baltimore  Bridge  Company. 
This  connection  was  terminated  in  1873,  Captain  Smith  continuing 
his  practice  at  Baltimore,  and  devoting  much  of  his  time  to  the  de- 
sign and  erection  of  bridges.  He  became  Engineer  of  Bridges  to 
the  City  of  Baltimore,  and  Consiilting  Engineer  for  the  railroads  of 
the  Seaboard  Air  Line.  In  both  these  capacities  he  executed  some 
excellent  examples,  among  others  the  handsome  stone  arched  North 
Avenue  Viaduct,  in  the  City  of  Baltimore,  which  is  likely  long  to  re- 
main as  a  monument  to  his  professional  ability. 

His  interest  in  geology  and  mineralogy  led  him  to  employ  such 
brief  intervals  of  leisure  as  came  to  him  in  the  preparation  of  a 
popular  hand-book,  entitled  "Pocket  Geologist  and  Book  of  Min- 
erals, "which  he  published  in  1877.  This  was  revised  and  republished 
in  1882  as  "Rocks,  Minerals  and  Stocks."  In  1890,  he  published  the 
"Pocket  Geologist  and  Mineralogist,"  and  in  1895,  "  Smith's  Hand- 
Book  of  Valuable  Minerals:  What  They  Are;  What  They  Look  Like; 
Where  To  Look  for  Them,"  a  duodecimo  of  238  pages.  These  small 
volumes  are  full  of  useful  and  jiractical  information  for  the  prospector 
and  miner,  and  contain  in  pocket  form  much  valuable  matter  in  rela- 
tion to  rocks  and  minerals. 

*  Memoir  prepared  by  Mendes  Cohen  and  C.  H.  Latrobe,  Members,  Am.  Soc.  C.  E. 
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During  the  last  year  of  his  life,  he  was  the  engineer  member  of  the 
State  Board  of  Health  of  Maryland,  where  his  general  knowledge  and 
experience  made  him  an  efficient  member,  whose  ojDinions  were  highly 
valued  by  his  colleagues. 

Mr.  Smith's  health  broke  down  completely  several  years  before  his 
death,  but  notwithstanding  constant  suffering,  his  fortitude,  energy 
and  patient  good  humor,  sustained  him  to  the  last.  He  became  a 
Member  of  the  American  Society  of  Civil  Engineers  on  February  21st, 
1872,  and  although  he  never  took  a  very  active  part  in  the  delibera- 
tions of  the  Society,  yet  he  was  always  esteemed  a  valued  member. 
He  married  on  December  27th,  1870,  Miss  Elizabeth  Gairdner,  of 
Augusta,  Ga. ,  who,  Avith  two  sous  and  one  daughter,  survives  him.  He 
passed  away  quietly  and  peacefully,  much  regretted  by  those  who 
knew  him  best. 
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WILLIAM  GARNETT  WILLIAMSON,  M.  Am.  Soc.  C.  E.* 


Died  August  2d,  1898. 


William  Garnett  Williamson,  eldest  son  of  General  Thomas  H.  and 
Louisa  Garnett  Williamson,  was  born  in  Norfolk,  Va.,  December  13th, 
1840.  He  attended  Fuller's  Classical  School,  of  Lexington,  Va.,  and  then 
entered  Washington  College  (now  Washington  and  Lee  University), 
Lexington,  Va. ,  from  which  he  was  graduated  in  1859,  with  the  degree 
of  B.  A.  He  was  afterward  privately  instructed  in  Civil  Engineering 
by  his  father,  who,  for  nearly  fifty  years,  was  Prof essor  of  Engineering 
at  the  Virginia  Military  Institute.  His  first  service  as  an  engineer  was 
with  General  Robert  E.  Rodes  upon  railroads  in  Alabama.  At  the  break- 
ing out  of  the  Civil  War  he  volunteered  in  the  Confederate  Army  as  a 
private  in  the  college  company,  but  was  soon  transferred  to  the  Rock- 
bridge Artillery,  and  served  with  that  battery  under  Captain,  afterward 
General,  W.  N.  Pendleton  until  he  was  aiapointeda  Lieutenant  of  Engi- 
neers and  assigned  to  the  command  of  General  StonewalUackson.  Cap- 
tain Pendleton  was  the  Rector  of  Grace  Church,  Lexington,  and  some  of 
Mr.  Williamson's  earlier  military  service  was  thus  with  his  friend,  his 
pastor  and  the  instructor  of  his  boyhood.  As  First  Lieutenant  of 
Engineers,  Mr.  Williamson  was  assigned  to  the  First  Regiment  of 
Engineer  Troops,  C.  S.  A.  (commanded  by  Colonel  T.  M.  R.  Talcott), 
of  the  Army  of  Northern  Virginia.  He  was  subsequently  promoted  to 
the  Captaincy  of  Company  F  of  that  regiment,  and  served  with  it  until 
the  suri^ender  at  Appomattox  Court  House,  where  he  Avas  paroled. 

After  the  war  Mr.  Williamson  went  to  Mexico  and  there  engaged  in 
the  construction  of  the  railroad  between  Vera  Cruz  and  the  City  of 
Mexico,  of  which  Colonel  Andrew  Talcott,  father  of  his  regimental 
commander,  was  the  Chief  Engineer.  Returning  to  Virginia  in  1867 
he  was  for  six  years  engaged  in  railroad  work  in  Virginia,  North  Caro- 
lina and  Kentucky.  From  1871  to  1873  he  Avas  in  charge  of  the 
construction  of  shops,  depots  and  yards,  for  the  Chesapeake  and  Ohio 
Railroad,  at  Huntington,  W.  Va. ,  and  was  Division  Engineer  of  the 
road.  From  1874  to  1876  he  was  Assistant  Engineer  on  the  Tennessee 
River  surveys.  Returning  to  railroad  work,  a  year  was  passed  in  the 
service  of  the  Buchanan  and  Clifton  Forge  Railroad  in  Virginia,  as 
Division  Engineer,  and  in  1878  he  was  again  in  the  Government  service 
as  Assistant  Engineer  on  survey  work  in  Currituck  Sound,  N.  C,  the 
Nattoway,  Chowan  and  Tar  Rivers.  In  1879-1880,  he  was  with  the 
Richmond  and  Danville  (now  the  Southern)  Railroad  as  Engineer  of 
Bridges,  under  Colonel  Henry  T.  Douglas,  M.  Am.  Soc.  C.  E.,  with 
whom  he  was  associated  for  several  years.  From  1880  to  1882  he  was 
Assistant  Engineer  with  the  late  General  Quincy  A.  Gillmore,  M.  Am, 

*  Memoir  prepared  by  the  Secretary  from  information  furnished  by  W.  E.  Cut- 
shaw,  William  Cain  and  Geo.  G.  Earl,  Members,  Am.  Soc.  C.  E.,  and  from  papers  on  file. 
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Soc.  C.  E.,  in  the  United  States  Survey  of  the  Altamaha  and  Canoocliee 
Rivers  in  Georgia,  and  later  was  Assistant  Engineer  on  the  survey  of 
the  Cahaba  Coal  Field,  in  Alabama. 

He  next  undertook  the  construction  of  a  sewerage  system  for 
Montgomery,  Ala.,  from  the  plans  of  Rudolph  Hering,  M.  Am.  Soc. 
C.  E.  After  the  completion  of  these  sewers,  in  1883,  he  was  elected 
City  Engineer  of  Montgomery,  and  inaugurated  a  plan  of  improve- 
ments for  that  city.  The  work  of  a  city  engineer  did  not  suit  his 
sensitive  nature,  and  in  1888  he  resigned  this  jjosition  and  again 
entered  the  government  service  as  United  States  Civil  Assistant  En- 
gineer on  the  Alabama  River  under  Captain  Hoxie,  where  he  remained 
about  one  year.  In  1888  he  opened  an  office  in  Montgomery,  Ala.,  for 
general  engineering  work,  in  which  venture  George  G.  Earl,  M.  Am. 
Soc.  C.  E.,  was  associated  with  him.  The  firm  continued  for  only 
about  two  years,  during  which  time  sewer  design  and  construction  and 
water-works  extension  for  Americus,  Ga.,  and  sewerage  plans  for 
Columbus,  Ga. ,  were  undertaken.  Mr.  Williamson  had  other  work  in 
hand  at  the  same  time,  including  sewerage  plans  for  Sheffield,  Ala., 
and  the  improvement  of  the  grounds  of  the  Alabama  State  Capitol. 
Government  work  and  surveys,  where  he  could  be  surrounded  by 
friends,  were  always  attractive  to  Mr.  Williamson,  and  hence,  in  1891, 
he  went  with  the  United  States  Engineers  on  river  and  harbor  work 
again.  He  was  engaged  under  Major  F.  A.  Mahan  as  United  States 
Civil  Assistant  Engineer  on  the  Coosa  River,  where  he  remained  until 
the  war  with  Spain  began,  when  he  was  transferred  to  Pensacola,  Fla. , 
and  had  charge  of  work  u^jon  fortifications  and  harbor  defences. 
While  ujjon  this  work  the  climate  and  overwork  brought  on  an  attack 
of  dysentery  which  resulted  in  his  death. 

Mr.  Williamson  was  descended  from  English  ancestors  through  a 
line  of  distinguished  Virginians.  He  was  an  engineer  of  more  than 
usual  ability,  both  in  theory  and  in  practice,  a  better  mathematician 
than  most  engineers  of  ante-bellum  college  training,  precise  in  every- 
thing and  an  excellent  draftsman.  He  was  devoted  to  his  profession 
and  untiring  in  his  duties,  a  man  of  varied  experience,  and,  in  the 
words  of  one  who  was  associated  with  him,  "so  honorable  in  every 
relation  of  life,  particularly  jirofessionally,  that  there  would  be  no 
need  of  a  code  of  ethics  in  the  profession,  were  all  its  members  but 
one-half  so  far  above  temptation  as  was  Captain  Williamson."  An- 
other engineer  writes  of  him  as  "  one  of  the  most  open-hearted  and 
lovable  of  men,  honest  and  true  to  a  fault,  and,  withal,  a  man  of 
uncompromising  princii^le."  He  married  Miss  Bettie  Cralle,  of  Hunt- 
ington, W.  Va.,  October  10th,  1873,  and  she  and  seven  children  survive 
him. 

Mr.  Williamson  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  Aj^ril  4th,  1883. 
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WILLIAM  ROBERTS  MICHIE,  Assoc.  M.  Am.  Soc.  C.  E.* 


Died  Febkuaky  2d,  1899. 


This  young  engineer,  cut  off  in  his  prime,  was  born  at  Yanktown, 
McDowell  County,  N.  C,  September  22d,  1866.  His  father,  I'eter  S. 
Michie,  now  Professor  of  Natural  and  Experimental  Philosophy  at 
the  United  States  Military  Academy  at  West  Point,  had  served  with 
distinction  through  the  Civil  War,  had  risen  to  the  rank  of  General 
of  Volunteers,  and  was  at  that  time  in  the  regular  army.  As  the  en- 
gineer officer  of  the  Army  of  the  James,  Gen.  Michie  had  rendered 
distinguished  services,  so  that  the  son  came  by  his  taste  for  engineei'- 
ing  in  a  manner  almost  hereditary.  It  was  the  desire  of  the  parents 
that  the  young  man  should  be  educated  at  the  United  States  Military 
Academy,  but,  owing  to  a  slight  trouble  with  his  eyes,  he  was  sent  in- 
stead to  Dartmouth  College,  where  he  was  graduated  as  a  civil  en- 
gineer, in  April,  1889,  from  the  Thayer  School  of  Civil  Engineering. 
Professor  Robert  Fletcher,  the  head  of  the  Thayer  school  at  that  time, 
was  a  graduate  of  West  Point,  so  that,  although  Mr.  Michie  was 
denied  admission  to  the  Military  Academy  on  account  of  a  disability 
which  was  never  percoj)tible,  he  nevertheless  obtained  an  education 
modeled  very  much  on  the  West  Point  lines.  He  showed  his  ability 
at  once  on  graduation  to  such  an  extent  that  after  a  brief  service  on 
the  St.  Louis  and  San  Francisco  Railway  he  rose  to  the  position  of  as- 
sistant engineer.  He  had  charge,  for  that  railway,  of  the  construc- 
tion of  a  pier  and  one  span  of  the  Red  River  Bridge,  and  made  surveys 
for  wing  dams  to  change  the  current  of  the  Red  River. 

He  entered  the  service  of  the  Pennsylvania  Railroad  Company, 
April  20th,  1889,  upon  the  recommendation  of  Mr.  Frank  Thomson, 
and  had  occupied  the  following  positions  on  this  celebrated  railroad: 
1889,  chainman  on  construction  of  the  Ardara  Bridge,  also  at  Viaduct 
and  South  Fork  Bridges  until  August,  when  he  became  rodman  on  the 
construction  of  the  Wall  repair  shops;  1890,  in  July,  Acting  Assistant 
Engineer  in  the  construction  of  a  new  yard  at  Altoona;  in  October 
promoted  to  Assistant  Engineer,  Altoona  yards,  surveys  for  South 
Fork  Railroad  and  jjart  of  its  construction;  construction  of  Wall 
yard  and  round  houses,  a  large  railroad  yard  near  Pittsburg ; 
construction  of  the  Sang  Hollow  extension,  approximately  fifteen 
miles;  1895,  construction  of  third  and  fourth-track  work  on  the  Pitts- 
burg Division  and  at  various  points  on  the  Johnstown  Branch;  1896, 
completing  the  Wilmerding  Branch,  and  on  the  new  line  at  Nineveh  and 
the  Radebaugh  Tunnel;  1897,  construction  work  on  the  Pittsburg  Di- 
vision, change  of  line  and  additional  tracks  at  various  points;  1898, 
construction  work,  additional  track-work  in  Johnstown  and  vicinity 
and  the  Portage  Tunnel;  1899,  resigned  January  10th. 

*  Memoir  prepared  by  William  H.  Wiley,  M.  Am.  Soc.  C.  E. 
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To  show  what  rare  capacity  he  exhibited  at  the  beginning  of  his 
career  some  details  are  given:  In  November,  1890,  within  six  weeks' 
time,  he  made  the  surveys  for  the  extension  from  South  Fork  to 
Dunlo,  and  the  line  was  afterward  built  on  his  location.  The  change 
of  line  from  Portage  to  Tilly  was  also  constructed  practically  in  accord- 
ance with  Mr.  Michie's  surveys,  made  in  1891.  In  that  year,  also,  Mr. 
Michie  had  charge  of  much  imi^ortant  work  on  the  Pittsbiirg  Di- 
vision. Entering  upon  the  construction  of  the  extensive  Wall  yards, 
in  the  early  stages  of  the  work,  he  carried  it  to  completion  in  December, 
189:2,  and  built  at  the  same  time  a  44:-stall  roundhouse.  Under  his 
direction  the  line  between  Turtle  Creek  and  Brinton  Avas  changed, 
and  the  Wilmerding  Branch  Eailroad  was  constructed. 

After  the  Johnstown  flood  Mr.  Michie  was  engaged  in  the  recon- 
struction of  the  track,  and  was  insjaector  in  charge  of  the  constructicn 
of  the  celebrated  Viaduct  Bridge  near  South  Fork,  Pa.  This  structure, 
which  is  notable  as  one  of  the  largest  arch  bridges  in  the  United 
States,  has  two  80-ft.  spans  and  is  over  100  ft.  in  height.  He  also  had 
charge  of  the  extensions  to  the  large  arch  bridges  over  the  Juniata 
River;  five  spans  of  60  ft.  each.  In  addition  to  the  record  of  service 
given  as  above  by  years,  Mr.  Michie  was  in  charge  of  numerous  impor- 
tant surveys  for  changes  of  the  line  and  branches  on  the  Philadelphia 
and  Erie,  and  on  the  Northern  Central  Eailroads,  as  well  as  on  the 
Baltimore  and  Potomac  Railroad,  near  Washington,  D.  C.  He  had 
full  charge  of  building  the  Radebaugh  Tunnel,  2  100  ft.  long,  near 
Greensburg,  Pa.,  and  was  so  successful  with  this  work  that  he  was 
detailed  to  sujierintend  the  rebuilding  of  the  celebrated  Portage 
Tunnel  at  Gallitzin,  Pa.  This  was  the  last  construction  work  he 
undertook  for  the  railroad  comjjany,  as  he  resigned  his  position  in 
January,  1899,  to  accept  an  advantageous  ai5j)ointment  in  Cuba.  Mr. 
Michie  was  quite  familiar  with  the  uses  of  steam  and  with  steam 
engines  and  machinery  generally,  and  could  handle  a  locomotive, 
apparently,  as  well  as  the  engine-runner. 

This,  in  brief  form,  is  the  record  of  an  engineer  who,  had  he  lived, 
would  have  attained  great  distinction  in  his  profession.  The  writer 
knew  him  when  he  was  a  boy,  and  he  possessed  such  lovable  traits  of 
character  that  he  drew  everyone  toward  him.  As  a  man  he  justified 
all  these  early  characteristics  and  was  one  of  the  most  popular  men  on 
the  Pennsylvania  Raikoad.  For  the  preparation  of  this  memoir  there 
were  available  not  only  many  personal  letters  from  his  associates  and 
from  those  under  his  immediate  charge,  but  also  newspaper  extracts 
containing  accounts  of  Mr.  Michie  and  his  work,  and  all  of  these  ex- 
pressed the  sentiment  of  a  personal  loss  sustained  by  the  writers. 

Mr.  Michie  was  elected  a  Junior  of  the  American  Society  of  Civil 
Engineers,  February  28th,  1893,  and  an  Associate  Member,  October 
7th,  1896. 
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WATERMAN  STONE,  Assoc.  Am.  Soc.  C.  E* 


Died  M.vkch  30th,  1896. 


Waterman  Stone  was  the  eldest  son  of  Lemuel  M.  E.  Stone,  one  of 
the  engineers  engaged  in  early  railroad  work  in  New  England,  and 
was  born  in  Cumberland,  E.  1.,  March  10th,  1847.  His  engineering 
training  was  under  his  father's  direction.  In  1871  he  succeeded  his 
father  as  Superintendent  and  Engineer  of  the  Providence,  Warren  and 
Bristol  Eailroad,  and  during  the  eighteen  years  he  held  this  position  he 
designed  and  supervised  all  the  improvements  made  on  the  road.  The 
most  notable  of  these  was  the  construction  of  a  curve  of  211  ft.  radius 
in  the  main  line,  just  outside  the  City  of  Providence,  R.  I.,  to  enable 
trains  to  enter  and  leave  the  city  head  on.  A  bluff  130  ft.  high  rose 
irom  the  East  Providence  shore  of  the  Blackstone  Piiver  at  the  point 
where  the  railroad  crossed,  and  since  the  construction  of  the  road,  trains 
had  been  run  on  a  Y-track  above  the  bridge,  and  were  pushed  in  and 
out  of  the  city.  Mr.  Stone  put  in  a  27'-'^  20'-curve  between  the  river  s 
edge  and  the  bluff.  A  modified  Fairlie  type  of  locomotive  was  built  to 
haul  trains  around  this  curve  and  standard  eight-wheel  American  type 
locomotives  were  also  run  over  it.  The  forward  pair  of  driving-wheels  of 
such  engines  was  equipped  with  blank  tires  with  a  width  of  tread  of  7  ins., 
and  third  and  fourth  rails  were  laid"  on  the  curve  for  the  blank  tires. 

On  the  absorption  of  the  Providence,  Warren  and  Bristol  Railroad 
by  the  Old  Colony  system,  Mr.  Stone  removed  to  Kansas  City,  Mo., 
where  he  became  Superintendent  of  the  Inter-State  Rapid  Transit  Rail- 
road. This  was  a  cable  railway,  but  during  the  four  years  of  his  ser- 
vice electric  traction  was  installed.  Returning  to  the  East,  Mr.  Stone 
began  practice  as  a  consulting  engineer,  with  especial  reference  to 
electric  railroads.  He  had  built  several  roads  and  was  engaged  upon 
others  at  the  time  of  his  death. 

Mr.  Stone  was  a  man  of  sterling  character,  and  his  kindly  dispo- 
sition and  love  of  fair  play  made  him  as  popular  with  his  employees  as 
with  his  more  general  acquaintance.  Of  mathematical  tendency,  he 
was  an  earnest  student  in  fields  not  bounded  by  his  professional 
practice.  He  was  elected  an  Associate  of  the  American  Society  of  Civil 
Engineers,  December  1st,  1886.  While  in  the  West  he  was  Secretary 
and  Treasurer  of  the  Engineers'  Club  of  Kansas  City,  and  he  was  the 
first  Secretary  of  the  American  Society  of  Railroad  Superintendents. 

*  Memoir  prepared  by  the  Secretai-y  from  information  furnished  through  E.  P. 
Dawley,  M.  Am.  Soc.  C.  E.,  and  from  papers  on  file. 
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